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(0)  FORgfORI) 


(0)  Th«  screanuig  in  vast  igat  ions  of  the  two  bacterial  species  ciescnbeil 
in  this  report  ware  parforaed  under  Special  BH  Operations  Project  4-C4-14- 
004.  Froa  1952  to  1354  invistigations  wore  concamed  principally  with 
Actincbacillus  aallai  (Mallaomyces  aalla i ) .  In  July  1953,  virulent  strains 
of  Psaudoaonas  psauJomallai  (Kailaoevyces  pseudoaallai )  bacaaa  available, 
and  tha  investigation  of  A.  aallai  was  gradually  phased  out.  After  a  period 
of  inactivity  covering  aost  of  1955  and  1956  because  of  higher  priority 
given  other  tasks  and  lack  of  technical  personnel,  work  was  rosuaed  on  P, 
pseudoaallai . 

(0)  Appreciation  is  expressed  to  aonbers  of  Technical  Evaluation  Divi¬ 
sion  who  assessed  the  aerosol  properties  of  several  agent  preparations. 

(U)  In  addition  to  the  authors,  personnel  participating  at  various  tiaes 
in  tha  investigations  include:-  George  H.  Schaiersahl,  John  Thiel,  John  L., 
Bradshaw,  Williaa  C.  Hheeler,  Hilliaa  S.'Voodrow,  Ralph  J.  Croones,  Harold 
L.  Baijr,  PFC  Seysujur  S.  Shanknan,  Lt.  Carl  Bruch,  CailC,  CSA,  and  Lt.  Col. 

J.  S.  .Mac.Sajnae ,  VC,  OSA,  Tha  contributions  of  these  persons  are  gratefully 
acknowledged.  Appreciation  also  is  expressed  to  Mr.  Jaaes  A.  Xiao  for 
technical  review  and  assistance  in  preparing  this  report. 


CONFIDENTIAL 


4 


CONFIDENTIAL 


(D)  AaSTRACT 


(D)‘  Actinobacillua  (HauLlaoMyca*)  a*ll9i  *«<!  Psoudomona*  (Mallecmyces) 
paaudomallai  irara  invaatigatad  for  ’.hair  potential  as  biological  warfare 
agents.  The  pralirainary  studies  daacribad  cover  a  range  of  topics  includ¬ 
ing  culture  procadure#,  asiaial  virulence,  aerotol  stability  and  infectivity, 
storrga  stability,  and  therapy  of  experiaental  infections.  |y 
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(C)  SIO£ST 


(C)  Sevsral  strains  of  Actinobactllus  aalle t  ar.d  P saudomonas  psoudo- 
malXal  wars  collacted  and  screened  with  respect  to  viralenco  for  laboratory 
aniaais.  One  virulent  strain  of  each  species  was  selected  for  a  general 
study  that  included  methods  of  culture,  aerosol  stability,  siorsge  stability, 
drying  stability,  and  host  susceptibility.  Data  reported  proviC?  a  basis 
for  predicting  the  potential  value  of  these  agents  for  special  operst ions 

(C)  Virulent  strains  of  A.  malloi  apparently  have  a  high  degree  of  bio¬ 
logical  effectiveness  againsT  manT!  High  concentrations  of  the  organism  nay 
be  producud  in  simple  aerated  but  research  on  s  agent  was  discon¬ 

tinued  because  of  the  poor  storage  stability  and  the  gradual  or  abrupt 
decrease  in  vinlence. 

(C)  Although  human  inf  actions  with  P.  psaudomalle  i  have  been  iofrequont’.y 
reported,  those  cases  clinically  recognTiod  usually  have  been  fatal.  Pre¬ 
liminary  clinical  and  laboratory  data  indicate  that  the  newer  "broad  spec- 
trua"  antibiotics  may  reduce  the  mortality  rate  considerably. 

(C)  P.  pseudom^lei  may  be  produced  in  high  concentrations  by  using 
simple  aediusi  and  facilities  for  aerating  cultures.  Fresh  suspensions 
possets  adequate  aerosol  stability,  marked  infectivity  for  susceptible 
luiimals,  and  storage  stability  which  compare  favorably  with  that  of  other 
vegetative  bacteria  studied  at  BH  Labs.  Agent  suspensions  cay  be  dried 
»o  that  tasqiorary  loss  of  virulence  is  avoided. 

(C)  To  determine  with  greater  reliability  the  diseaso-produr ing  poten¬ 
tial  of  P,  pseudoaallei  Ln  man,  this  agent  should  be  assessau  by  research 
methods  That  allow  an  indirect  correlation  of  laboratory  animal  infectivity 
and  lethality  with  those  observed  in  human  populations. 
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I.  IC)  INTaomCTIOS' 


(U;  The  L^portaJ^ce  of  \ct*.nobaci.llut  -aalloi  (Malleowycea  aalle  1)  zmci 
Paou>'.r.inonaa  paeudomalloL  '.Halltfonyeos  paemionailei.)  a«  causative  agents  of 
two  lethal  diseases  in  both  aniaals  and  asm  has  been  recognized  for  aany 
years.  Therefore,  the  selection  of  those  two  bacterial  apecies  for  scrcc.O' 
ing  as  potential  biological  warfare  agents  appears  logical. 

(C)  The  first  concerted  study  of  these  orgcniaia  at  fort  Detrick  was 
aade  by  Hiller  et  ^  during  1944  and  1945)  the  findings  are  recorded  in 
Special  Report  The  favorable  results  stimulated  interest,  and 

research  was  initiated  on  these  bacterial  species  for  special  BW  opera¬ 
tions.  The  investigations  were  carried  out  in  accordance  with  a  research 
guide  forsulated  for  screening,  adapting,  and/or  developing  these  organisms 
to  .'.eet  operational  requirc-ments. 

(U)  Because  of  the  high  animal  inf  activity  and  human  mortality  rates 
reported  for  both  species  of  bacteria,  all  work  with  the  living  organisms 
was  performed  with  the  Class  III  cabinets  in  the  laboratory  section  of 
Building  459. 


'■>  See  Literature  Cited, 
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11.  (C)  ACT1.V0BAC:U,[;*S  >UI.1.£I  AND  r/l-ANDKRS 


A.  (C)  DlbKAbE  IllSTOSY 

(0)  Cl&nders  has  botan  known  sLaca  amtiquity,  priaaril;'  as  a  natural 
dis««aa  of  aquina  aniaals.  In  horsas  and  assos  involvement  of  the  super¬ 
ficial  l^-nphatics  gives  rise  to  a  condition  known  as  "farcy"  in  which  the 
swollen  l^inph  vessels  and  glands  are  discernible  beneath  the  skin  as  "farcy 
pipes"  and  "farcy  buds."  In  those  acuta  , or  chronic  cases  involving  the 
lungs,  the  tarn  "glanders"*  is  applied. .S' 

(U)  Other  sniaals  that  occasionally  become  infactod  with  A.  ~*1 1 e< 
Lnclude  guinea  pigs,  cats,  dogs,  ferrets,  moles,  field  mice,  goats,  sheep, 
hogs,  and  rabbits.  Ma.i  appears  to  have  been  an  incidental  host  Ln  spite 
of  the  fact  that  the  organiam  has  eahibitsd  a  narked  contagiousness  among 
horsas.  Host  cases  of  human  disease  apparently  resulted  from  direct  con¬ 
tact  with  infected  animals,  although  man-to-oan  transmission  has  been 
documented.—/  This  organism,  Pastei'rella  tularensis,  is  very  infec¬ 

tious  for  man,  Kllsor.  and  Hiles^were  most  empnatis  about  Infectivity: 
"Indeed  probably  no  organism  with  ihn  possible  exception  of  8r.  tularensis 
is  so  dangerous  to  work  with  as  the  glanders  bacillus." 


3.  (U)  I.NCID^^CS  OF  THE  DISEASS 

(C)  The  disease  was  fairly  widespread  Ln  aqui.ne  animals  on  the  European 
continent,  In  Great  Sritaia,  and  in  S'orth  America  prior  to  the  turn  of  the 
century.  It  has  also  been  found  in  Asia  and  Africa,  The  recognition  of  the 
contagiousness  of  the  disease  and  the  specific  causative  agent  resulted  Ln 
the  imposition  of  cortai.n  preventive  aeasuresl/  whic.h  have  had  much  to  do 
with  Its  suppression  or  low  incidence  in  most  countries  for  aa.Ty  years.  The 
repiacamont  of  tho  equina  beasts  of  burden  with  machanired  equipment  i.n  many 
areas  of  the  world  will  luidoubtadly  tend  to  maintain  a  low  incidence  nf  the 
disease  in  tho  future. 


C.  (C)  DISEASE  IN'  H-VN 

(U)  The  over-all  mortality  rats  of  glj-indars  as  it  was  formerly  notad  i.n 
san  was  quite  high,  90  to  100  per  cent.l' 


*  In  this  report  the  word  "glanders"  will  apply  to  all  manifestations  of 
infactior  with  Actinobacillas  mallei. 
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(C)  Two  distinct  clinical  foras  have  been  rscojjnized,  acute  and  chronic,. 
Acute  glanders  has  a  sudden  onset  and  aay  appear  as  a  bronchopneumonia  or 
lobar  pneumonia  followed  by  development  of  pyemia  with  the  production  of 
characteristic  abscesses  in  many  ors;ans  including  lymph  nodes,  liver,  lungs, 
and  spleen.  InTolvemont  of  the  upper  respiratory  tract  in  man  may  result 
in  a  purulent,  ir,fertiou8  nasal  discharge  similar  to  that  seen  in  other 
susceptible  animals.  Suppurative  skin  lesions  are  alsc  frequently  noted. 
Before  the  ad'rent  of  the  sulfanamides,  death  would  almost  always  result 
within  seven  to  ten  days  after  disease  onset. 2/  Ohronic  aanifajitatio-s 
of  the  disease  hare  been  known  Xu  persist  for  years  with  the  appearance 
of  granulomatous  or  suppurative  skin  and  joint  lesions. 3, 4/ 

(0)  Because  c,  the  protean  manifestations  of  the  disease  and  its  resem- 
bl.nnce  to  a  variety  of  more  ccononly  noted  afflictions  of  man,  the  correct 
diagnosis  has  often  been  missed  until  the  patient  has  either  become  a  poten¬ 
tial  source  of  Infection  or  has  died.  Exudates,  excretions,  and  the  bleed 
may  contain  glanders  bacilli  capable  of  re-establishing  infection  in  con¬ 
tacts.  The  most  closely  related  disease  is  melioidosis  (discussed  later) 
in  which  the  pathological  picture  is  q"ite  similar  and  the  causative  organ¬ 
ism  cannot  be  readily  differentiated  without  extensive  and  carefully  con¬ 
trolled  bacteriological  tests. 

(C)  The  fundamental  factors  on  which  the  destructive  influences  of  this 
organism  depend  te»iJe  in  its  notorious  ability  to  parasitize  the  host  with 
the  production  of  a  typical  tisi*.-  .necrosis  and  general  toxemia.  The  well- 
developed  lesions  found  i.n  various  'rgans  usually  exhibit  a  characteristic 
caseous  necrosis  which  in  some  rsspects  resoobles  that  resulting  from  tuber¬ 
culosis.  The  nathology  of  th*  human  disease  is  well  described  by  Bernstein 
anii  Carling. 1/ 

(C)  The  incubation  period  of  glanders  ranges  from  a  few  hours  to  several 
weeks.-'  In  those  cases  resulting  from  laboratory  accidents  at  Fort  Detrick 
during  Vorld  Xar  II  the  period  varied  from  10  to  14  davs.i, 5/  These  Infec¬ 
tions  probably  resulted  from  inh.nlation  of  a  small  number  of  organiams. 


D.  (C)  ROUTES  or  INFECTION 

(0)  The  most  frequent  avenue  of  infection  postulated  for  human  glanders 
has  been  the  alimentary  route.  Although  this  aay  have  been  true  in  many 
instances,  data  presented  In  this  and  other  reports  suggest  that  mzui,  as 
well  as  the  lower  animals,  may  readily  acquire  the  disease  by  inhalLng  air¬ 
borne  particles  or  droplets  containing  the  bacilli.  There  is  also  evidence 
that  the  disease  may  be  induced  cy  bacteria  from  conta.~.irated  fomites  which, 
enter  the  body  thiougji  cuts  or  abrasions  .2' 
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E.  (0)  PaOPHYUXlS 

(C)  So  s*tisf*£tory  prophylactic  or  LaaunoloRical  procoduru  ha*  bean 
dorlsod  to  protect  against  glanders  in  »an.  The  following  •.•accLnes  have 
been  reported  ineffectlYe  Li  preventing  reinfaction  in  the  'norsw:  (a) 
living  bacilli  in  airute  doses,  (b)  killed  organisms,  and  (c)  sallein 
(spent  culture  concentrate ; .2/ 


r.  (n)  Ti^£ATM£^T 

(0)  Before  the  advent  of  the  sulfonaxiidas  and  ancibiotves  l.h<are  was  no 
specific  treatment  k=o<rn  for  this  disease.  The  six  case*  that  occurred  at 
Port  Oetrick  daring  World  War  II  wore  successfully  treated  with  sulfadia¬ 
zine  .Is^/  Exports  eaianating  from  the  Defence  Research  Kingston  Laboratories 
of  CanadaB/  indicate  that  sulfadiazine  is  also  effective  in  preventLng 
death  in  hamsters  exposed  to  an  ot.ierwise  lethal  number  of  orgaaisas  as  an 
aerosol.  Msny  of  the  antibiotics  have  not  been  tried  clinically  against 
gla.ndsrs  because  cf  its  rarity  in  most  eountriss.  Because  of  the  ^  vitro 
susceptibility  .of  glanders  bacilli  to  various  antibiotics,  however,  ( vide 
infra)  th.sra  is  roaaon  to  believe  that  they  kIso  could  be  employed  suc- 
ca'ss?ully  in  therapy. 


G.  (U)  CAHSATiyS  0KA.VISM 

fU)  The  hact^riaa  causing  glanders  was  first  isolated  in  1342  by 
Loeffler  and  Schutx,  according  to  Wilson  and  Miles, 2/  by  cultivating 
material  from  a  horse  dying  from  the  acute  disscse.  Actinobaczllus 
mallei  is  a  Gram-negative,  non-motile  rod  aoafuring  approximately  6.3 
micron  to  3.0  slcroms.  When  stained  with  aniline  dyes  it  has  a  notice¬ 
able  bipolar  appearance.  Sudan  Black  B  say  be  used  to  demonstrate  the 
presence  of  numerous  intracellular  fat  dxxsplets  that  may  account  in  part 
for  the  irregular  staining  noted  with  use  of  other  techniques. 

(C)  A.  mallei  is  classified  as  an  aerobe,  end  growth  is  marttodly 
increaseil  by  aeration  of  liquid  cultuxas  by  shaking  or  sparging.  The 
characteristics  of  colonies  on  solid  media  vary  considerably,  depending 
OP.  the  strain  and  the  medium  oa  which  it  is  growing.  For  example,  on 
blood  cysteine  agar,  colonies  may  have  a  pronouncid  grey  color,  but  on 
the  routinely  used  beef  extract  medium  oontainLng  glycerol  or  sorbitol, 
they  often  hav®  a  yellowish  color  which  varies  in  intensity  with  the 
strain  and  the  age  of  the  culture.  Colcnias  of  many  strains  dmmen. strata 
a  tendency  to  wrinkle  after  aging  for  a  fsw  days.  Several  sugars  and 
higher  alcohols  are  used  with  resultant  formation  of  acid  without  gas. 
Glycerol  and  sorbitol  both  erliance  growt.h. 
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III.  ( C )  EXPLRlMKNTAi.  SrJDIES  OS’  ACTISOBACll.i.L'S  MAI  1,E  I 


A.  (C)  HISTORY  OF  A.  MAH.K!  ST^MNS 

il' I  Sir.ete^n  cultures  of  A.  mallet  were  procureil  from  various  sources 
(Table  1).  Tbe  first  si.x  strains  (db  through  C7)  listeH  wars  obtained  in 
September  iJ.ol  from  Dr.  Carl  R.,  Drewer  of  the  former  Basic  Sciences  Divi¬ 
sion,  Fort  Detrick.  Five  of  these  strains  were  samples  that  had  been 
lyophiliiod  in  normal  anLaai  serum  in  19-^5  by  person.nel  of  ttta  Miller 
research  team  of  the  former  8  Division  ,1''  Viable  C7  strain  cells  could 
not  be  recovered  from  the  growth  on  the  single  agar  slant  available.  .All 
si.x  strains  had  been  held  at  refrigerator  temperature  throughout  the  inter¬ 
vening  years.  I.yophillied  cultures  of  strains  3TC9,  120-A,  7384,  3708,  and 
3873  were  recaivod  from  Dr.  C.  3.  Rued  of  the  Defence  Kingston  Laboratories 
of  Canada  In  February  1932.  N'o  history  accompanied  these  strains,  but  it 
was  assumed  that  the  one  designated  3873  was  identical  with  the  C7  strain, 
because  Millor^'^  indicated  that  tho  latter  was  originally  3873  obtained 
from  the  C.S.  Army  Veterinary  School.  A  subculture  of  3873,  designated 
3873-19,  was  obtaineil  fro*  Dr.  Ruud  in  S’ovembor  1952.  This  strain  had 
been  isolated  as  a  single  colony  after  passage  In  animals.  Growth  occurred 
in  all  cultures  e.xcept  3709. 

(C)  Strains  V,  VII,  VIH,  and  l.X  were  received  in  1952  from  Dr.  Francis 
8.  Cordon  of  the  former  MV  Division,  Fort  Detrick,  who  had  received  them 
from  Captain  T.  Tulgo  of  tho  Turkish  Army  Veterinary  Laboratory  at  Ankara, 
Turkey.  Tliese  cultures  had  been  isolated  from  human  cases  of  glanders  and 
were  reported  to  be  "suitable  for  the  preparation  of  coaipleaent  fixation 
antigens  but  not  for  agglutination  tests."  Some  cultures  gave  rather  strik¬ 
ing  and  peculiar  colonial  forms  on  beef  extract  glycerol  agar,  inc.’.uding 
vivid  yellow  to  amber  color,  mucoid  consistency,  and  a  marked  te.nduncy 
toward  wrinkling. 

(C)  A  period  of  approxLmately  one  year  was  spent  in  prell.minary  screen¬ 
ing  studies  of  these  strains.  Each  one  was  cultured,  passed  a  number  of 
times  through  guinea  pigs  and  hamsters,  and  the  MLD  or  LD50  determined. 
Preliminary  studies  on  resistance  to  dryi.ng,  aerosol  stability,  and  anti¬ 
biotic  therapy  were  also  co.nducted. 

(U)  Because  3873-13  proved  to  be  the  only  consistently  virulent  strain, 
it  was  selected  for  .more  detailed  studies.  The  aopearance  of  four-day-old 
colonies  is  shown  in  Figure  1.  Unlike  aa.ny  of  the  other  strains  it  did  not 
produce  rough  or  distinctly  yellow  colonies  on  beef  extract  glycerol  agar. 

(C)  Strains  .A.M-A,  A.M-3,  and  A.M-C  were  obtained  from  Col  M.  8.  St.arr.es 
of  the  Walter  Reed  Armj'  Institute  of  .Research,  Washington,  D,  C.  in  1957. 

\o  studies  have  been  con.lucted  with  these  three  strains. 
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Probably  the  saauj  as  C5  and  C4,  respectively. 
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n.  (c)  cui.rvRK  prockdcres 

A 

(U)  Tho  liquid  culturo  aediun  successfully  employed  for  the  growth  of 
A.  aa.lla  1  by  Hillori,/  and  other  Investiga^'ors  had  the  following  composition: 

Beef  Extract  0.3  pe”  cent 

Bacto  Peptone  1.0  per  cent 

SeCl  0.5  per  cent 

Glycerol  4.0  per  cent 

pit  adjusted  to  6.8 

This  medium  of  beef  extract  glycerol  (BEG)  was  adopted  without  extensive 
prelLainary  investigation  on  the  basis  of  the  high  bacterial  counts 
recorded.  The  additics  of  1.5  par  cent  agar  to  the  beef  extract  broth 
provided  a  solid  niodiuts  fsr  surface  growth  and  colony  counts.  A  toapbra- 
tura  cf  37^C  wae  found  opt. mum  for  incubation.  Aeration  by  agitation  on 
a  reciprocating  shaRor  for  48  hours  gave  bacterial  counts  of  1  to  2  x  , 
compared  with  ccunts  of  approximately  1  x  10°  in  stationary  flask  cultures. 
Agitation  at  constant  temperature  was  accomplished  Lm  a  water  bath  (Figures 
2  and  3)  mounted  on  a  laboratory-type  reciprocating  shaker.  Different  sizes 
of  Erlenmeyer  flasks  filled  with  liquid  medium  to  10  to  40  per  cent  of  their 
capacities  wore  used  for  100  milliliters  or  less  of  culture.  A  special, 

low-fora  flask  (Coming  S’o.  4444)  of  2OC0-millil iters  capacity  waa _ _  for 

volumes  of  1000  to  1500  milliliters. 

(C)  Fifteen  liters  of  culture  were  produced  in  five-gallon  Carboys  in 
the  following  manner;  Beef  extract  glyce-ol  broth  containing  Dow-ComLng 
Antifosa  A  was  sterilized  .and  cooled  to  37'’C.  The  medium  waa  inoculated 
with  a  24-  or  48-hour  broth  culturo  in  an  amount  equal  tc  five  to  ten  per 
cent  of  the  volume  of  tho  medium.  The  Lnocula+ad  medium  was  aerated  during 
incubation  with  equipment  pictured  Ln  Figure  4,  with  air  supplied  through 
an  orifice  at  the  rate  of  one-half  liter  per  litor  of  culturo  per  minute, 
Flitared,  compressed  air  was  introduced  or  filtered  air  was  drawn  into  the 
growth  vessel  by  applying  negative  pressure  to  the  effluent  air  ILno.  Ha_xi- 
mua  viable  cell  counts  were  obtained  after  48  hours'  incubation  at  37'^C, 

The  resulting  cultore  was  very  turbid  and  somewhat  yellowish.  The  culturo 
suspension  was  forced  through  sterile  rubber  tubing  to  a  Sharpies  supercan- 
trifuge  and  concentrated  to  a  pasta.  Eighty  to  120  grams  of  yacked  colls, 
containi.ng  10^^  to  10^“  viable  cells  per  gram,  were  usually  obtaLned  from 
15  liters  of  culture. 

(C)  Concentrated  cells  of  A,  mallei  were  also  obtained  by  inoculating 
BFC  agSLT  plates  each  with  two-Tenths  milliliter  of  a  liquid  culture  con- 
taiainy  about  1  x  10^0  viable  cells  per  millliiter.  After  the  plates  had 
incubated  for  48  hours  at  37‘’C,  the  growth  was  scraped  from  the  surface 
of  the  plate  with  a  glass  rake.  Approximately  eight  milligra-ms  of  calls  ' 
were  obtained  from  each  square  centimeter  of  medium  surface. 
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Figure  2.  (D)  Lucxt0  Vater-flath  Attachaent  for  Sociprocating 

Sha^ar  with  2000-Ml  Culture  Flasic. 
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(0)  In  la,tar  studias,  sorbitol  was  a  satisfactory  substitute  for 
glycerol  in  tha  BEG  ’tedium.  Optimum  grow^.'  was  obtainad  when  two  per  cent 
(weight  per  volume)  of  crystalline  d-sor*’ltol‘‘  was  used  in  beef  extract 
medium.  Two  other  cooBterclal  sorbitol  products  gave  unsatisfactory  growth. 

(U)  The  method  for  determining  the  riabla  cell  count  of  A.  mallei 
cultures  was  identical  to  that  used  by  Hiller  <t  al,l/  which  has  been 
successfully  applied  t  many  other  bacterial  specTos  at  Fort  Datrick, 
Ordinarily,  tenfold  di  utions  of  the  suspension  to  be  counted  ware  made 
in  distilled  water  blanks  and  those  higher  dilutions  estimated  to  contain 
countable  numbers  of  cells  in  one-tenth  milliliter  ware  used  for  soeding 
BBCA  plates.  One-tenth  milliliter  of  the  appropriate  dilution  was  streaked 
over  the  surface  of  each  of  three  agar  plates  with  spreaders.  Colonies  of 
most  strains  could  be  counted  conveniently  after  48  hours'  incubation  at 
ST^C,  although  tha  more  rapidly  growing  strains  were  sometimes  ready  for 
enumeration  after  24  hours.  All  plates  having  lass  than  300  colonies  were 
counted  and  the  resulting  figures  were  applied  on  a  "weighted"  basis*'*  in 
calculating  the  average  number  of  living  cells  per  millilitsr.  Several 
ccwBsonV  used  diluting  solutions  were  tested  for  their  suitability  in  the 
quantitation  procedure,  but  none  offered  any  apparent  advantage  over  dis¬ 
tilled  water. 


C.  (C)  INTECTIVITY  A.VD  nSULENCE  STI’DIES 

(C)  Shortly  after  receipt  by  SO  Dlrisioa,  several  colonies  from  each 
of  the  strains  of  A.  mallei  listed  la  Table  II  were  olcked  and  individually 
grown  la  BEG  broth.  (JuaaHties  of  approximately  10®  cells  were  injected 
Intraperitoneally  into  male  guinea  pigs.  Cultures  of  soa«  strains  killed 
the  injected  animals  but  others  produced  only  chronic  Lnfsetions  which 
were  evidenced  much  later  by  healed  lesions  at  the  site  of  injection  and/ 
or  microsoopio  evidence  of  epididymitis.  Hone  of  tha  surviving  animals 
developed  a  positive  reaction  to  undiluted  mallain  when  tested  up  to  40 
dsys  after  infection. 

(U)  It  soon  became  apparent  that  the  guLnea  pig  could  not  be  relied 
'Upon  as  a  test  animal  because  response  varied  widely  from  test  to  test. 

The  Strauss  reaction  was  obiuLned  infrequently  and  only  in  those  a-nimals 
in  which  a  subacute  or  chronic  disease  was  produced  (Figures  5,  6  and  7). 
Canadian  workers  also  reported  unsatisfactory  experience  with  tha  guinea 
pigv®/ 


•  Obtained  from  Atlas  Powder  Company,  Wilmington,  Delaware. 

*-•  The  higher  dilutions  figured  less  prtxainently  in  deriving  tha  average 
counts . 
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TABLE  ir.  (0)  EFFECT  OF  AMMAL  PASSAGE  OS'  THE  VIRL’LENCE  OF 
VASiOCS  ACTISOBACI ILL'S  MALLEI  STRAINS 


STRAIN 

LVITIAL  IPLD^, 

10®  colls 

FIN'AL  iPLDso*/,  10®  colls 

Guinea  Pig 

Hamster 

Guinea  Pig 

Ha,mster 

2MP 

4.5 

1.0 

1.0 

C6 

1.0 

1.0 

1.0 

C5 

1.0 

1.0 

1.0 

C4 

1.0 

1.0 

1.0 

C3 

1.0 

1.0 

1.0 

3708 

5.2 

1.5 

9.0 

7384 

12.0 

O.Ol 

V 

1.5 

1*5 

9,0 

VII 

1.5 

5.3 

VIII 

1.5 

IX 

1.5 

1.0 

4.  After  repeited  p454«|(e  in  the  two  enL-nils. 


(U)  The  4v»il4bilJty  of  haastorj  shortly  afti-r  this  work  was  started 
provided  a  siore  uniforaly  susceptible  and  reliable  test  aniaal.  The  avs.l- 
tbla  strains  w«r«  ttsarefere  passed  in  these  anlnals  several  tiaas  by  intra- 
peritoneal  injection  followed  by  a  viralance  titration.  For  oxa.npla,  a 
smooth  colony  type  of  straLo  C-3  was  carried  throuijh  Seven  guinea  pig  pass¬ 
ages  (largo  nuabers  of  orga-oisas  were  necessary)  and  then  through  13  hamster 
passages.  The  LDjn  obtained  in  the  subsequent  virulence  titrations  in  haa- 
sters  was  still  10°  viable  bacteria.  SLuilar  results  were  noted  for  colonies 
of  each  of  the  other  strains.  As  indicated  in  Table  II,  repeated  anbial 
passage  witnout  subculturing  on  aedia  did  .not  enhance  virulence  for  either 
guinea  pigs  or  haastors.  This  was  true  of  all  colony  types  studied.  In 
addition,  aerosol  challangs  was  usually  not  signif icantly  effective  in  pro¬ 
ducing  infection  or  death  in  hamsters  and  guinea  pigt. 

(U)  Strai.n  3873-13  nad  a  very  high  degree  of  virulence  for  the  harster. 
Previous  investigators  reported  that  the  ainiaal  intraperitoneal  lethal 
dose  of  the  lyophiliied  sample  for  hamsters  was  one  to  ten  organia-as;  the 
respiratory  dase  was  less  than  20.  These  data  were  appro.xL-sated  and 
repe.stedly  obtained  in  aany  trials. 
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?igur^  5.  (C)  Latsml  Vl«»  of  W«ll-Develop«d 

Strmuss  Reaction.  (FT)  Sag  B-396S; 


Figure  5.  (C)  Strauss  Reaction  with  .Vecrosis 

of  Scrotua  and  Fistula  Formation. 
(FD  Neg  3-3968) 
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rigur«  7.  (D)  Clo»e-Cp  7i*w  of  Tssticlat  In  flgur#  8 

Showing  Ext-Tt-miation  of  Liqurfled  ExucUt# 
•s  th«  Sotalt  of  Incising  tha  Scrotum. 

(TD  .Sag  3-3967) 
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(C)  A  caraful  study  of  th«  colonial  t>-p«  indicated  that  3873-18  had  a 
marked  degree  of  colonial  stability,  producing  aora  than  90  par  cent  of  the 
smooth,  buff-colored  colonies  on  BECA  aadiua  (figure  L).  These  smooth  colony 
type  organisms  were  uniformly  virulent  for  the  hamster  and  were  selected 
for  all  subsequent  studies  with  this  straLn.  A  total  inoculum  of  10^  cells 
or  higher  usually  killed  the  hamsters  in  48  hours;  lower  numbers  were  lethal 
w  within  tan  days.  Animals  dying  of  the  disease  contained  large  numbers  of 

organisms  in  tne  lungs,  blood,  and  all  visce.~al  organs.  Heart  blood,  liver, 
lungs,  spleen,  and  testes  were  routinely  examined  and  used  for  culturing  to 
recover  the  organism.  Animals  dying  within  one  or  two  days  had  acutely  con¬ 
gested  visceral  organs  and  lungs.  Those  surviving  for  longer  periods  con¬ 
tained  nuaie-—!?  caseous  lesions  in  the  various  >.rgans  which  tended  to  enlarge 
and  coalesce  if  the  animal  survived  for  as  long  as  six  to  tan  days.  The 
groes  and  microscopic  pathology  cgi^oraad  in  all  respects  to  |!^t  described 
cossprehenslvaly  In  DRKL  Report  4li^  and  in  jpecial  Report  53.^:' 

(C)  Vo  cases  of  chronic  infection  ware  produced  with  Strain  3873-18  in 
its  initially  virulent  condition.  Those  rare  animals  that  survived  for 
more  than  ten  days  after  injection  with  the  highest  dilutions  (ten  cells 
or  less)  showed  no  evidence  of  infection.  Those  rsceiving  mors  than  100 
viable  cells  by  injection  or  aerosol  almost  invariably  dlad  within  the 
first  few  days  of  holding. 

(C)  In  early  work  with  Strain  3873-18,  aerosol  trials  were  made  pri- 
nirilj'  to  determine  its  respiratory  virulence  in  hamatars.  The  preparations 
tested  included  48-hour  undiluted  B£C  broth  culture,  1  to  100  and  1  to  1000 
dilutions  of  culture  in  BEG  broth,  and  cell  concentrates  resuspended  Ln 
distillad  water.  The  cloud  was  generated  by  a  Chicago-type  atomizer  con¬ 
nected  to  a  Constant  feed  device  which  provided  a  steady  delivery  of  the 
slurry  at  a  prodetorainod  rata.  Primary  air  for  generating  the  cloud  was 
supplied  by  a  device  for  regulating  the  air  pressure.  The  suspension  was 
atcaiied  into  the  4800-lit8r  test  cha.mber.  A  fan  with  a  12-Lncn  blado 
running  at  230  revolutions  per  minute  was  activated  during  the  time  of 
aertssol  generation  and  for  a  two-minuta  period  thereafter  to  insure  cloud 
homogeneity.  Because  of  difficulty  in  handling  hamsters  it  was  necessary 
to  place  them  in  a  hardware  cloth  cylinder  wrsich  was  then  inserted  into 
the  aerosol  chamber.  Impinger  samples  of  the  aerosol  were  taken  simulta¬ 
neously  with  animal  exposure  to  ascertain  the  concentration  of  organisms. 
Animals  exposed  to  the  same  aerosol  concent. ■-at ion  wore  caged  together. 
Calculation  of  the  LEgg  by  aerosol  Ln.halation  ca.nnot  be  considered  precise 
because  of  tne  small  numbers  required  for  a  lethal  effect.  However,  a  rather 
consistent  death  pattern  was  obtained  with  a  given  range  of  fig-ures  for  the 
estimated  irJialed  dose  (Table  III).  On  the  basis  of  these  experimental 
data,  t.ho  respiratory  LDgg  for  hamsters  is  27  viable  cells,  as  calculated 
by  the  Raad-Meunch  method. 
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TABLE  HI.  (U)  VIR'JLESCE  OF  ACTINOBACILLLS  HALLEI, 
STRAI.V  3873-18,  FOR  HAMSTERS  CHALI.ESCSD 
BY  THE  R£Sri.RAroRY  ROUTE 


DOSAGE  RA.\GE. 
viable  cella 

TRIALS, 

number 

AVERAGE  DOSE, 
viable  cells 

DEATH/TOTAL 

I-IO 

4 

4.5 

4/12 

10-100 

6 

60 

27/32 

lOO-irwv) 

11 

314 

69/69 

(C)  Swiis-Vobster  aica  (Datrick  strain)  we''o  challenged  Sy  the  Int.’^a- 
poritoneal  route  with  Strain  3873-13  of  A.  aallei  with  doses  ranging  from 
20  to  two  aillion  viable  organisas.  No  deaths  occurred  in  any  of  the  in¬ 
jected  aniaals  during  a  21-day  holding  period.  At  the  toraination  of  the 
oxperuaent  all  aniaals  were  sacrificed  and  the  lungs  ai.d  visceral  organs 
were  cultured  to  detect  any  viable  A.  aallei  organisms  present.  Because 
no  evidence  of  infection  was  found,  It  is  assumed  that  this  species  of 
rodents  is  quite  resistant  to  ihis  strain. 

(C)  Rhesus  aoftkeys  wore  injected  intraperitoneally  with  a  suspension 
of  Strain  3873-18  containing  27,000,  11,000,  and  1,400  colls,  respectively. 
The  only  evidence  of  infection  was  the  foraatton  of  an  abscess  at  the  site 
of  injection  the  anisal  receiving  27,000  organisms.  N’o  gross  lesions 
were  noted  in  t.he  viscera  or  lungs  when  the  animals  were  sacrificed  14 
days  later.  la  an  experiment  conducted  to  expose  monkeys  by  the  aerosol 
route  to  similar  doses,  only  one  monkey  w.\s  exposed  because  of  mechanical 
difficulties.  It  received  an  estimated  1,300  viable  colls  without  showing 
evidence  of  u-.fection.  Because  of  the  inability  to  establish  infection, 
and  because  literature  reports  in.Jicate-i  that  monkeys  have  a  natural  resist¬ 
ance  to  glanders,  no  further  e.xperunon ts  were  conducted  »ith  this  animal. 

(U)  After  approximately  one  year's  work  with  Strain  3873-13,  it  under¬ 
went  a  moi'kad  drop  in  virulence  t.hat  cculd  not  be  e.xplained.  a  number  of 
animaj.  passages  were  carried  out  a.nd  different  colony  selections  were 
checked  for  virulence  in  an  effort  to  derive  a  sub-strain  having  virulence 
approaching  that  of  the  parent  strain.  Selected  isolates  killed  hamsters 
by  intraperitoneal  injection  in  rather  low  numbers,  i.e.,  20  to  ICO  orga.m- 
isms,  but  death  patterns  were  erratic  and  virulence  va-ied  considerably 
from  test  to  test.  About  the  time  this  difficulty  was  encountered, 

Ca-nadian  workers  e.xperience^  a  similar  drop  in  virulence  for  their  cul¬ 
tures  of  tnis  same  strain,!.''  Additional  cultures  received  from  t.he 
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CarsdiiT-s  it  i  liter  ciita  woro  also  variable  in  their  lethal  effect  for 
haasters.  DetarairAtions  of  virulence  made  in  1953  on  stored  preparations 
of  Strain  3873-18  indicated  a  further  loss  so  that  approximately  10®  cells 
are  required  to  '<111  hamsters  by  the  intraperitonoal  route. 

(C)  The  prolonged  and  fruitless  effort  spent  in  trying  to  regenerate 
and  to  aaLntuia  high  animal  virulence  in  A.  mallei  by  animal  oasoage  indi¬ 
cates  the  inherent  difficulties.  The  value  of'  this  organism  as  a  8W  agent 
undoubtedly  depends  on  acquisition  of  virulent  strains  or  their  development 
through  genetic  selection.  Proven  procedures  for  maintaining  virulence  are 
also  needed.  Ehren  though  such  an  undertaxing  has  merit,  the  resources  of 
Special  Operations  Division  did  not  permit  a  research  program  of  this  scope. 
The  losa  in  virulence  reported  here  and  noted  by  other  workers  was  an  imp^- 
tant  factor  in  the  decision  to  discontinue  the  screening  of  A.  mallei. laV 

(U )  If  a  virulent  strain  of  A.  mallei  were  to  bo  acquired  or  developed, 
the  research  reported  in  Sections  III,  D  through  III,  H  might  be  applied  to 
the  new  strain  to  avoid  duplication  of  that  oarlier  work.  For  that  possible 
future  value,  in  account  of  the  early  work  is  included  here. 


Jni  A.STI3I0TIC  SENSITIVITY  TESTS 

(3)  Several  strains  of  A.  mallei  ware  tested  for  susceptibility  to  six 
Commonly  used  antibiotics  by  two  comparative  procedures,  (a)  the  tube  test 
aethod,  and  (b)  the  impregnated  disk  method.  The  first  procedure,  the  tube 
text  aethod,  consisted  of  Incorporating  different  concentrations  of  an  anti¬ 
biotic  in  standard  broth  medium  and  inoculating  the  tubes  with  one-tenth 
milliiiter  of  a  freshly  grown  liquid  culture  of  the  organism.  Control 
tubes  of  broth  aMdium  containing  no  antibiotic  were  also  inoculated. 
Cninoculated  tubes  of  broth  served  as  negative  controls.  All  tubes  wore 
observed  after  24  and  48  hours'  incubation  at  37'’C  and  compared  turbidi- 
metrically  with  the  control  tubes.  Evidence  of  inhibition  was  most  appar¬ 
ent  in  24  hours'  inmbatlonj  the  minimum  inhibitory  concentration  (MiC) 
increased  twofold  to  fourfold  at  the  48-hour  reading.  Usually  the  48-hour 
MIC  level  wan  the  lethal  concentration  also,  because  living  organisms  could 
not  be  recovered  from  the  tubes  lacking  turbidity.  Table  IV  shows  the  MIC 
levels  for  t.*ia  various  strains  studied.  These  fi-ndings  were  confirmed  by 
duplicate  tests.  At  low  concentration  chloramphenicol  often  inhibited  mul¬ 
tiplication  for  a  short  period,  followed  by  a  profuse  overgrowth. 

(U)  Good  correlation  and  confirmation  of  the  tube  tests  were  obtained 
with  impregnated  disks  by  using  commercially  prepared  tabs*  impregnated 
with  various  strsngt.hs  of  the  respective  antibiotics.  The  results  are 
shown  in  Table  lY.  In  this  procedure  a  thin  film  of  liquid  culture  was 
spread  on  BCA  plates  and  a  number  of  antibiotic  disks  were  placed  on  the 
inoculated  surface.  The  diameter  of  the  area  of  inhibition  was  measured 
24  and  48  hours  after  inoculation,  and  the  MIC  was  determined  by  comparison 
with  a  chzu^  supplied  with  the  disks. 


*  Difeo. 
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{(,')  '.r.  'h-'  laaie  test,  chlora.rjpr.e.T  i  col  j. -ft  i')i  growth  two  to  three 

hours  hefor-,  the  or^ar.isa  <rew  arour.il  the  disk  This  .Tii^jht  account  for 
the  discrepancy  noted  between  the  two  Tietnods  for  Otrain  3708  (Table  IV). 

d')  'im  and  coworkers  ha'.e  i.-.dicatel  that  the  reiated  organisai,  P. 
pseudoaal  la  i ,  siay  be  differentiated  fr-'i  soae  strains  of  A.  nal  le  i  on  the 
basis  of  susceptibility  to  certain  antii.otics;  for  instance,  A.  aalle  i  is 
sensitive  to  streptoin.'cin,  P,  pseudoaal  lei  is  usually  resistant  to  this 
ant ibiot ic 


K.  (C)  AlEDbOI.  STtSIMTY 

(U)  Hefore  the  arrival  ofvVipjlent  btrai.n  3d73-I3,  preiuainary 
tests  were  carried  out  with  other  strains  to  l:am  something  of  the  aerosol 
prooerties  of  A.  mallei.  For  the  most  part  tliB  data  were  erratic.  It  was 
not  readily  apparent  whether  this  inconsistency  reflected  variations  in 
agent  preparations  or  variations  in  mecha-nical  and  technical  conditions  in 
the  test  chamber,  or  a  ccabination  of  both. 

(C)  Extensive  aerosol  studies  were  conducted  with  Strain  3873-18,  the 
Strain  selected  for  major  emphasis.  Liquid  cultures  of  this  organism  were 
produced  either  in  snake  flasks  or  in  a  five-gallon  carboy  (described  pre¬ 
viously),  The  cell  suspension  (slurry)  prepared  by  diluting  a  culture  in 
broth  was  supplied  to  a  Chicago-tj'pe  atooiier  throug,h  rubber  tubLhg  from 
a  constant  feed  device.  The  slurry  was  atoaizad  with  compressed  air  at 
ten  pounds  per  square  inch  in  the  4800-liter  test  chamber  maintained  at 
70®F  and  SO  per  cent  relative  humidity.  Aerosol  recoveries  from  a  largo 
number  of  such  trials  varied  considerably,  although  most  were  noted  to 
fall  about  the  mean  of  five  to  six  per  cant  tVr  the  one-minute  period 
after  aerosolization.  Subsequent  c.hanges  i.h  stx-.dard  .methods  of  aero¬ 
solizing  and  sa.mpling,  along  with  mechanical  improvements  in  the  tank, 
undoubtedly  would  provide  more  consistent  data.  Because  of  the  marked 
variation  in  recoveries  from  test  to  test,  it  was  also  impossible  to  be 
certain  of  the  effect  of  variations  in  temperature  and  humidity  on  the 
aerosols.  The  data  suggest,  however,  that  temperatures  lower  than  70'^F 
and  relative  humidity  values  higher  than  50  per  cent  would  result  in 
highest  recoveries. 

(U)  The  results  of  aerosol  field  trials  with  Strain  3373-13  conducted 
by  Canadian  workers  of  the  SuffielJ  Station  in  September  1951  was  reported 
in  August  1954.^ 


»  Trial  Record  190,  Suffield  Experiment  Station,  Ralston,  Albe.''ta,  Csuiada. 
SECRET  56-n5-rS-795. 
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F.  (U)  SrOIL\r,E  STABILITY  OF  LIQUID  SUSP£^SIO^,S 

(U)  Data  reported  by  Millar  at  all/  ijidicated  that  optiaAl  storai^e  con¬ 
ditions  were  attained  at  20  to  25^C  by  starting  with  dilute  suspensions 
( 10~  cells  per  milliliter)  in  fresh  broth  and  allowing  slow  growth  during 
storage  of  several  weeks.  Some  loss  in  virulence  occurred  during  storage, 
khen  more  concentrated  suspensions  (lO'-*^  cells  par  milliliter)  were  used 
for  storage,  a  marked  loss  in  viable  cell  count  was  noted  within  two  weeks. 
The  latter  finding  was  verified  by  current  work  at  BV  Labs.  Suspensions 
containing  10^  viable  cells  per  .nilliliter  contained  relatively  few  viable 
cells  after  two  weeks'  storage  at  -60,  -20,  0,  and  25°C.  Instability  of 
stored  liquid  cultures  was  also  observed  by  the  Canadians,  who  reported  a 
drop  in  viable  count  and  virulence  of  a  suspension  held  for  several  weeks 
for  wind  tunnel  trials. 2/  I"  preli.sinary  storage  tests  at  4’C  the  sa-ma 
group  reported  good  stability  for  two  to  three  weeks  followed  by  a  rapid 
fail  the  following  weak. 


G.  (C)  DRVI.S'G  STUDIES 

(C)  Contrary  to  results  previously  reported,!/  most  of  the  available 
strains  of  A  malla i  were  dried  with  reasonably  good  recoveries  by  two 
different  .methods . 

IC)  In  the  first  metiod,  thick  suspensions  of  cells  obtained  from  solid 
or  liquid  media  were  thoroughly  mixed  with  an  equal  volume  of  five  to  50 
per  cent  egg  whits.  The  resulting  preparation  was  spread  in  a  thin  layer 
on  13-inch  by  18-inch  pieces  of  safety  glass  and  allowed  to  dry  at  .»-oo« 
tesiperature  under  a  strota  of  air  from  an  electric  fan.  When  the  film 
appeared  to  be  dry,  it  was  removed  with  a  hand  scraper  fitted  with  a  single¬ 
edge  razor  blade  insert.  The  resultant  flaky  material  was  collected  on 
paper  and  stored  in  a  glass  container  until  it  was  ground. 

(C)  A  30  per  cent  viable  recovery  was  usually  obtained  that  resulted  in 
material  with  counts  of  10^^  to  10^^  cells  per  gram.  This  product  was 
greumd  in  a  mortar  and  pestle  during  early  work  and  later  in  t.he  Tanner  Spi.m 
Mill  (Figures  8  and  9).  Approximately  50  per  cent  of  the  viable  count  was 
lost  during  grinding  by  either  method.  M^'ctar  grinding  produced  relatively 
large  polyhedral,  crystal-like  panicles  which  contained  embedded  bacterial 
cells.  Particles  from  the  Spin  Mill  treatment  were  round  and  more  uiiform 
in  size  Stability  studies  with  sumulants  Indicate  that  egg  white  does  not 
enhance  stability  but  it  does  serve  to  separate  bacterial  cello  and  to  per¬ 
mit  grinding  to  a  finely  divided  state. 

(C)  In  the  5(  ond  method,  suspensions  of  cells  produced  ci  solid  .nedium 
or  in  a  five-gall  n  carboy  were  thoroughly  muted  with  various  diluents 
(equal  volumes  of  cell  concentrate  and  of  suspeniii.ng  fluids).  The  resulting 
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liquid  was  pourad  into  a  Hylar-bottomed  tray,  froten,  and  tha  froren  cell 
suspension  was  lyophilized  in  the  freeze-dryer.*  Lyophilization  was  carried 
out  with  or  without  infrared  radiation  from  abova  and  beneath  the  trays, 
Fiijuros  10  and  11. 

(U)  Although  the  products  from  tha  above  dryLng  processes  had  somewhat 
greater  storage  stability  than  the  liquid  agent,  their  behavior  as  aerosols 
was  disappointing.  Virulence  of  the  dry  agent,  detoraLned  by  reconstitu¬ 
tion  and  intrsparitoneal  injection,  also  was  quite  variable  from  lot  to  lot. 


H.  (U)  HrMA.V  I.VTECTIOSS 

(U)  A  search  of  the  literatuia  for  recc.-.t  years  r»”e«1ed  ’ittle  d<*^ailad 
information  on  cases  of  human  glanders  with  the  exception  of  accidental 
laboratory  i.nfections  at  Fort  Detriclt.  The  six  clinical  caMS  were  reported 
in  the  open  literaturoS/  and  detailed  in  Special  ieport  53 .A'  Although 
these  cases  could  be  classified  clinically  as  mild,  the  period  of  disability 
was  lengthy.  Available  evldencr  suggests  that  the  infecting  dose  probably 
was  low.  The  extont  of  the  pathological  process  also  was  probably  limited 
in  view  of  the  reported  clinical  findings  and  the  failure  to  isolate  the 
infecting  organism.  In  all  six  cases  sulfadiazine  proved  to  be  an  effec¬ 
tive  chemotherapeutic  agent. 

(U)  In  1953,  a  moderately  severe  case  resulted  from  an  exposure  of 
unknown  so<irx*  at  Fort  Detrick.^/  The  32-year-old  typist  infected  did  not 
work  with  thm  organism  and  ordinarily  did  not  visit  the  laboratories.  How¬ 
ever,  a  laboratory  accident  several  days  before  he  became  ill  had  allowed 
potentially  contaminated  material  to  escape  from  tha  Class  III  cabinet. 
Apparently  the  proximity  of  his  office  and  the  contaminated  laboratory  had 
allowed  his  exposure  to  the  agent. 

(U)  Tha  onset  of  symptoms  was  gradual  and  consisted  of  chest  pains, 
ready  fatigability,  and  night  sweats.  Vhen  first  seen  by  the  physician, 
ha  had  a  temperature  of  101.2'^F.  A  chest  X-ray  i-evealed  an  infiltrative 
process  extending  from  the  left  hilum  to  the  level  of  the  first  rib  with 
a  two-centimeter  cavity  in  tha  second  left  anterior  interspace.  Only 
slight  elevations  in  leukocyte  count  a.nd  erythrocyte  sedimentation  rata 
were  noted  throughout  tha  illness.  Other  routine  laboratory  findings 
were  essentially  negativo.  Appro.xt.aately  eight  dzys  after  his  admission, 
tha  serum  agglutinin  titer  for  A.  aallai  was  1:540  and  later  rose  to 
1:256Q.  The  compleraent-fi.xation  test  was  negative.  After  his  admission, 
numerous  Gram-negative  bacilli  were  isolated  from  tha  sputum  and  identi¬ 
fied  as  A.  mallei.  The  organism  was  (a)  3ensit..ve  to  t.herapeut ically 


*  Dry-Freeze  Corporation,  Chicago,  Illinois. 
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attainabla  lovals  of  chlortetracyclina  and  oxytetracyclins,  (b)  aodarataly 
s.naitivo  to  streptomycin,  and  (c)  resistant  to  penicillin,  bacitracin  and 

"*2ativs  on  repeated  occasions. 

The  patient  was  treated  with  chlortetracycline  for  28  days  during  which 

1  1  t'h-  r'^T  «» 

up  on  ^e  fourteenth  day  of  hospitalization  but  continued  to  feel  weak. 

Af.er  discharge,  he  was  on  sick  leave  for  12  days. 

slightly  by  the  fact  that  this  patient 
to  1000)  by  skin  test,  although  previously  his 
of  n«g»tive.  This  finding  led  to  the  additional  dla^osis 

of  inapparont  coccidioidofinycosia,  ^ 

for  orvanisa  Isolated  fr.  ,  this  patient  po.se.aed  vin.lenc. 

3873-18,  the  one  which  presuaably 

vir,  1  e  infec.xon.  Later,  the  culture  underwent  a  gradual  decline  in 

initsive^dos^^  *  considered  without  lethal  effect  for  hamsters  except 


(0)  This  case  report  esiphasizes  the 
also  stated  that  the  agglutination-titer 
vaiuable  clinical  test  for  the  diagnosis 
fixation  test. 


finding  of  Howe  and  Miller,  5/  who 
det ‘raination  is  probably  a  aore 
of  glanders  than  the  complement- 
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IV.  (tf)  PSEUDOMOS'AS  PSa'DCH^LLZr  AND  Mf:L10I7X)SIS 


A.  (U)  DISEASE  HISTOBT 

(U)  H«lioidosls,  *  disease  closely  reaMbling  glanders,  was  first 
recSgriied  by  Khitaore  and  Krishna  swam  1^2/  in  1910  and  reported  in  the 
literature  in  1912.  Between  1912  and  1947  slightly  aore  than  300  cases 
vere  reported.  It  seeas  probable,  however,  that  the  disease  has  been 
aos'e  prevalent  than  these  figures  suggest,  because  a  study  of  approxLaately 
3,000  post  aortees  in  Kuala  Laapur  between  1928  and  1930  revesled  four  and 
five-tenths  cases  per  thousand. ii/  The  prohibition  of  pos'  r  tf-taa  exar'na- 
tions  by  various  religious  groups  has  probably  prevented  inv«.s *■  Lgal  "rs  froa 
finding  a  greater  incidence  of  the  disease  Ln  vario"s  parts  of  tn^  wor’..i. 
fhe  varied  aanifestations  of  the  disease  and  the  dj.triculty  in  dlfi'er-ntiat- 
inj  the  causative  avert  frrs  ■3orp.'*.olojl'*a'LL^  siailar  t.ict>iria  ai'o  alio  be¬ 
lieved  to  have  contributed  to  the  saall  mnaber  of  cases  reported.  The  rec- 
opiized  disease  is  still  uncoi^n,  but  a  report  of  several  cases  m  Indo¬ 
china  was  publithed  in  1953]nl'  ip  1957  a  case  was  diagnosed  in  an  American 
servieaoan  stationed  in  Panaaa,  Melioidosis  has  been  reported  from  Austral: 
Buraa,  India,  fsderated  Malay  States,  China,  Thailand,  Ir.do-Chlna,  Ceylon, 
IXiteh  East  Indiaa,  bouth  Africa,  Cuaa,  North  Auerica,  the  Meat 

ladies,  and  Panaaa.lk.ti/ 


B.  (c)  DISEASE  DEscaiprmv 

(D)  Melioidoaia  in  its  acute  fors  is  usually  fatal  within  a  few  days 
after  a  sudden  onset.  The  syaptoas  and  aanifestat ions  vary  considerably, 
depending  on  the  extent  of  the  infectious  process  and  the  areas  of  the 
bo^  affected.  Clinically,  it  aay  sinulate  syphilis,  smallpox,  tuber¬ 
culosis,  aialaria,  cholera,  glanders,  and  other  diseases.  Unlike  glanders, 
aelicidosls  has  been  notsd  in  epizootic  fora  in  laboratory  rodents.  The 
natural  infection  also  has  been  seen  in  dogs,  cats,  horses,  and  sheep. 
Faihologically ,  the  disease  aay  be  described  as  a  pyeaia  closely  resembling 
glanders  in  which  the  liver,  spleen,  lungs,  skin,  and  other  tissues  and 
organs  contain  multiple  small  abscesses  t.nat  frequently  coalesce  to  fora 
larger  lesions.  The  chronic  fora  is  rare,  but  it  often  results  in  an 
illness  with  much  suffering  and  aarked^^.capacitation  lasting  for  years 
before  eventual  recovery  or  death 


C.  (U)  T.'JA.SSMI.SSIO.N 

(D)  The  reservoir  of  aeiioidosis  is  not  known;  although  the  natural 
infection  has  been  seen  occasionally  Ln  wild  and  laboratory  rodents.  In¬ 
land  bodies  of  water  have  also  been  reported  to  contain  the  oreaniim. 
Huaans  apparently  derived  the  infection  frtsa  t.he  water.-^i^^i-Hi~^/ 
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(0)  Staiitcf  and  Fletcherii/  concludod  that  food  and  drinit  contaminated 
with  rodent  excreta  were  probably  the  sources  of  infection.  However,  Alain, 
St-Etianne  and  Seynealc'  found  oilly  one  infected  animal  in  20,000  rats 
exaainad  Ln  Saigon,  and  VoucelJL^/  found  none  among  560  rats  froa  the  Tonkin 
area. 

(U)  Exper  jMn tally.  Pseudomonas  pseudotm^jai  has  been  transmitted  by 
the  rat  flaaii/  and  Aedes  aegypti  aosquito,S/  but  it  is  not  known  whether 
any  human  in^ictions  have  been  contracted  from  these  potential  vectors. 

(0)  Man-to-man  transmission  has  not  been  dimionstratod,  even  though 
special  precautionary  measures  were  not  taken  in  hospitals  where  patients 
witi;  open  lesions  were  attended,  at^  in  laburatcries  where  cultures  and 
infc'.ted  animals  have  been  kept.li' 

(0)  Although  the  epidemiology  of  melioidosis  Is  poorly  understood,  it 
sens  ressonable  to  sssume  that  the  disease  could  be  transmitted  by  a 
variety  of  means  similar  to  those  mentioned  for  glanders.  The  frequent 
Involvement  of  tne  lungs  in  human  esses  and  the  known  susceptibility  of 
animals  to  air-bome  erganisas  strongly  suggest  that  the  respiratory  route 
was  the  avenue  of  infection  in  many  i.nstances.  Patients  demonstrating 
pulmonary  localitation  with  septicemia  are  considered  to  have  a  more  grave 
prognosis  than  those  with  other  forms  of  the  disease.—^ 

D.  (D  PSOPHYLUIS  A.SD  THERAPY 

(U)  There  is  no  vaccina  of  proven  value  for  prophylaxis.  However, 
autogenous  vaccines  are  useful  in  the  therapy  of  chronic  cases. 

Although  certain  comonly  used  antibiotics  have  proven  effective  L".  vitro , 
resistance  in  vivo  has  been  observed  to  develop  rapidly  jji  certain  in¬ 
stances. 12  present,  chloramphenicol  is  considered  by  investigators 

familiar  wit.h  the  disease  as  the  drug  of  choice  for  treatment, T2,-J/  but 
the  antibiotic  spectrum  of  the  particular  .•train  would  be  a  decisive 
factor  in  the  choice  of  therapy.  Most  recent  clinical  trials  using 
chloramphenicol  in  large,  sustained  doses  indicate  that  the  mortality 
rate  may  be  substantially  reduced  ^  suitable  antibiotic  therapy  is 
instituted  early  in  the  disease. i?/ 

(C)  In  many  human  cases  of  acute  melioidosis  the  causative  agent  was 
not  recognized  before  death. 21/  Apparently  those  unfamiliar  with  the 
disease  or  t.be  bacterium  .night  regard  isolates  of  P.  pseudomallai  as  a 
contaminate,  or  confuse  it  with  secondary  pathogens  similar  in  morphology 
and  bioche-nical  properties . 

(U)  Path.ology  of  melioidosis  resembles  that  of  glanders  except  that 
the  former  is  usually  mors  e.xtensive.  A  comprehensive  compilation  and 
description  of  the  m-irbid  anatomy  of  many  hu-man  cases  are  found  in  the 
classic  book  of  Stanton  and  Fletcner.li'' 
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E.  (D)  CAUSATIVE  OBCANISM 

(0)  V,  pMudogallai  is  a  short,  Craa-nsgat Ivs  rod  closaly  rasombling  tha 
glandars  baciilua)  both  hava  a  bipolar  appaaraflca  after  staijjLng  with  aniline 
dyes.  Cnlika  tha  A.  Bnll«»i,  however,  it  exhibits  serpentine  aotility,  with 
its  lophotricate  fTageiia ~  It  is  also  capable  of  faraenting  certain  carbo¬ 
hydrates  to  fora  saiall  quantities  of  acid  without  gas.  Tha  incubation  period 
for  good  growth  of  P.  psendomallai  is  about  24  hours,  cocjparad  with  that  of 
48  hours  for  A,  aallaii  Lain^ib/ "Has  shown  that  Ihf  aetabclic  pathways  of 
these  two  organises  also  are  divergent. 

(C)  Alt.hough  r.o  particular  colonial  type  can  be  related  to  aniaal  viru- 
lence.l^i^S/  rough  or  corrugated  foras  are  isolated  siore  frequently  fro* 
hiatan  aalioidosis.  H/  In  addition  to  the  glanders  bacillus,  P.  pseudoaallei 
also  is  5o*etiaos  difficult  to  differentiate  by_^ laboratory  tests  fro*  other 
species  cf  Pseudoaonas.  Hetaore  and  Cochenour^/  suggested  that  certain 
biocheaical  reactiona  are  useful  in  differentiating  these  species  fro*  one 
another. 
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V.  (C)  EXPERIMENTAL  STUDIES  ON  PS^DOhONAS  PSEUDOMALL£I 


A.  (U)  STiAI.VS  OF  P,  PSEUDCMALLEI 

(U)  P.  psaudonallai  strains  received  at  BH  Labs  froa  various  sources 
are  described  in  Table  V.  Virulence  determinations  were  performed  on  the 
first  eight  strains  listed,  but  oc'y  Strain  8016  has  been  used  extensively 
in  screening  studies.  The  experimental  data  to  follow  were  derived  froa 
the  rough  fora  of  this  straL-i  except  where  otherwise  indicated. 


B.  (0)  CULTOffi  PSOCEDCSES 

(tl)  The  media  and  methods  for  growing  A.  mallei  w^o  suitable  for  P. 
pseudomallei.,  indicated  by  the  work  of  Millar  at  al.V  Both  glycerol 
and  sorbitol  proaoted  growth  in  solid  and  liquid  media.  Maximum  growth 
for  A.  aallei  was  obtained  in  about  18  to  24  hours  in  flasks  or  in  five- 
gallon  carboys  by  using  the  apparatus  shown  in  Figures  2,  3  and  4.  Counts 
of  1  to  3  X  10^0  viable  cells  per  milliliter  for  Strains  W-294  and  8016 
were  routinely  obtained  under  these  conditions  by  using  one  to  ten  per 
cant  inoculum  from  a  fresh  broth  cultuie. 


(C)  In  addition  to  the  beef -extract  base  media  previously  described, 
the  results  of  preliminary  experiments  indicated  that  casein  acid  digest 
(CAD)  also  can  be  used  as  a  basic  constituent  of  a  liquid  medium  for  the 
cultivation  of  P.  psaudomallei.  This  medium  contains  the  following  ingre¬ 
dients:  ” 


Casein  acid  digest 

Yeast  (pasta,  Vico  Ifl^) 
KH2PO. 

KoHPO^ 

Carelosa* 

Distilled  water 

pH 


0.85  mg  of  amino  nitrogen  par  ml  of  final 
volume 

6.0  ga 
2.78  gm 
1.16  gm 
10.0  gm 

to  1000  ml 
6.9 


Counts  as  high  as  6.0  x  10^®  viable  cells  per  milliliter  were  obtained 
in  this  medium  after  24  hours'  incubation  at  37°C  by  using  a  one  per 
cent  inoculum. 


(U)  The  subculturliig  of  rough  and  smooth  colo.oial  forms  of  Strain 
8016  in  the  CAD  Mdium  had  no  apparent  effect  on  the  virulence  for  ham¬ 
sters  Lnfected  by  the  intraperitoneal  route  (Table  VI). 


c  Cerelose  added  after  sterilization. 
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TABLE  r.  (U)  HISTORY  OF  PSTODOHONAS  PSia’DOMALI.EI  STRAINS  HELD  AT  8H  U3S 
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TABLE  VI,  (U)  yiSL’LENCE  VIABLE  CELL  CWVTS  OF  HOUGH  AND  SMOOTH 
COLONIAL  FOiMS  OF  P.  PSEDDOHAI.LEI  AFTEH  SUBCULTURE  IN 
CA-SETn  ACID  DIGEST  320TH 


COLONY  TYPE 
aLTUHE 

INITIAL  VIABLE 
CELL  COUNT. 
lolO/al 

INITIAL 

i-Dso 

cells 

viable  cell 

COUNT  AFTER 

ONE  TRA.NSFER, 
lOlO/ml 

HAMSTER  LD50 
AFTER 

ONE  TRANSFER, 
calls 

Soooth 

1.2 

1.0 

4.0 

4.0 

1-Rough 

3.3 

3.0 

3.3 

3.0 

2-Rough 

3.5 

4.0 

3.8 

10 

3- Rough 

0.7 

7.0 

3.4 

10 

(C)  B**f  extract  agar  coataining  either  gljfcerol  or  d-jorbitol  was  used 
as  the  routing  solid  siediuA  to  determine  viable  call  counts.  Colonies  can 
be  counted  on  this  agar  after  incubating  for  48  hours  at  BT^C.  Plates  ware 
incubated  an  additional  four  days  a:  room  taaperature  to  distinguish  colo> 
nial  foras.  Figures  12  and  13  show  colony  types  obtained  from  Strain  8016, 
Figures  14  and  15  show  the  predominating  colony  types  from  two  other  strains 
grown  on  BEG  agar  aedium. 

(D)  Diatilled  water  and  gelatin  saline  were  as  efficient  as  any  of  the 
several  lolutlons  tried  aa  diluting  fluida.  Howevor,  In  resuspending  cer¬ 
tain  dried  preparatione  it  was  necetaary  to  add  a  surface-active  agent, 

Tween  80,  to  the  water.  Diatilled  water  and  gelatin  saline*  aro  also  sat¬ 
isfactory  as  aerosol  iapinger  fluids. 


C.  (C) 'genetic  STA3IUTY  STUDIES 

(U)  The  genetic  stabilities  of  smooth  and  rough  colony  isolates  from 
Strain  8016  wore  determined  by  subculturing  t.hea  directly  for  six  passages 
in  beef  extract  sorbitol  (8SS)  bt^th  medium  in  shake  cultures  at  37*^0. 

The  final  products  were  compared  with  the  first  passage  culture  with  re¬ 
spect  to  viable  count,  colonial  morphology,  and  virulence  for  hamsters  by 
intraperitonoal  injection. 

(C)  The  smooth  types  did  not  give  rise  to  rough  colony  forms,  although 
the  rou^s  reverted  to  smooth  forms  to  a  variable  extent,  dependi.ng  on  the 
particular  isolate  (Table  VII).  The  smooth  cultures  also  gave  sligh  tiy 
higher  counts  in  the  shake-flask  cultures,  but  the  hamster  virulence  renai.ned 
unchanged.  These  virulence  data  show  no  correlation  between  recognizable 
colony  characteristics  and  vimlence  for  the  hamster. 


*  Two  drops  of  olive  oil  served  as  an  efficient  antifoam  agent. 
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Figur«  12,  (U)  Smooth  Colonls*  of 

P.  p»«udommllei ,  Strain 
■SOI6,  96  Hour*  Old. 

(KD  Seg  C.35C9) 


Flgurs  13.  (U)  Rough  Colonies  of 

P.  pseudoBtdlei,  Strain 
3016,  96  Hours  Old. 

(FD  Neg  C-3565) 
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TABLE  VII.  (U)  VIABLE  CELL  COt;>.'TS,  VI2DLESXE,  A\D  COLONIAL  .MORPHOLOGY 
OF  P.  PSECDOHALLEI  AFTER  SUBa'LTUSl.VG  I.N  BEEF  EXTRACT 
SORBITOL  BPOra 


ISOUTE 

ILWSTE2  LD5Q, 
calls 

VIABLI 

10^ 

CELLS, 

^0/ml 

COLONIAL 

MORPHOLOGY,  % 

Initial 

Fifth 

Passage 

Initial 

Fifth 

Passage 

Initial 

Si/  Ei/ 

Fifth 

Passage 

S  R 

1-S*/ 

2.0 

<6.8 

4.73 

5.77 

iOO 

0 

100  0 

<8.8 

5.04 

5,20 

100 

c 

100  0 

1-a^/ 

<  5.4 

1.40 

3.33 

0 

100 

41  59 

2-R 

HIH 

2.40 

1.87 

0 

100 

8.7  91.3 

a.  Smooth. 

b .  Ecu  gh  . 


(0)  Th*  affact  of  rapaatad  subcultura  In  BES  broth  on  tha  virulanca  of 
callt  »aa  aophaaizad  in  another  study  with  colonies  selected  at  randoa. 

Tan  colonies  were  picked  fron  a  sixth  BES  broth  subculture  and  checked  for 
haastf-r  intraparitonaal  virulence.  A  siailiar  nuaber  plated  from  a  stock 
culture  showed  that  all  of  the  colonies  wore  virulent  for  hamsters.  These 
results  indicate  that  this  characteristic  is  relatively  stable  after  an 
estLaated  30  generations. 

(U)  Preliminary  studies  indicated  t.hat  aeration  of  cultures  by  shaking 
or  sparging  is  necessary  for  maximum  growth.  Therefore,  the  effect  of 
varying  degrees  of  oxygen  tension  on  the  growth  and  virulence  of  cells  was 
investigated  by  using  virulent  products  obtained  in  aerated  shake  flasks. 
Tube  broth  cultures  were  started  with  different  quantities  of  inoculum  and 
incubated  for  48  hours  at  3T°C  under  static  conditions.  The  viable  coll 
count  and  virulence  of  tha  products  are  recorded  in  Table  VIII.  In  most 
cases  the  lowest  number  of  cells  injected  inxo  hamsters  was  too  high  to 
obtain  an  LD5Q.  However,  if  the  growth  conditions  used  had  decroas.'d  the 
virulanca  of  this  organism,  one  might  reasonably  expect  the  number  of 
bacteria  reprosaating  the  LD5Q  value  to  have  been  much  higher.  The  viable 
call  yield  of  the  cultures  Incubated  under  static  conditions  was  about  two 
logs  lower  than  that  in  the  aerated  cultures;  again,  the  advantage  of  aera¬ 
tion  is  emphasized. 
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(U)  Incubation  temp«raturas  ranging  from  26  to  39-’C  supportad  culture* 
possessing  high  vintlenca  for  haasters,  although  at  the  lower  tenperature* 
a  longer  period  was  required  to  obtain  concentrations  of  10^  to  10^0  colls 
per  ailliliter  (Table  IX).  At  39^C  the  bacterial  populations  changed  fro* 
rough  to  predoainately  smooth  colony-fonning  types,  which,  as  stated  previ¬ 
ously,  do  not  differ  in  virulence  for  hamster: 


TABLE  VIII.  (0)  EFFECT  OF  OXYGf^  lENSIOS'  OV  THE  C80KTH  AVD  VIECLfi^CE  OF 
P.  PSa'PCHALLEI  IN'  BEEF  EXTJUCT  SORBITOL  BROTH 


GROWTH 

CCSDITIO.S' 

VIABLE  CELL  C0L^: 

OF  I.NOCULL'M. 
cells/nl 

VIABLE  CELL  Ca^ST 
AFTER  INa'BATION, 
cells/al 

HAMSTER 

ie!?; 

Aerated,  shake 

3.0  X 

108 

2.3  X 

10^0 

<23 

flasks 

3.0  X 

lo’ 

l.D  X 

lolo 

<15 

3.0  X 

10® 

9.4  X 

103 

<  9 

3.0  X 

10-^ 

5.2  X 

10^ 

<  52 

Static  (without  oil) 

3.0  X 

10® 

l.l  X 

10® 

<110 

3.0  X 

1.0  X 

10® 

<1C0 

3.0  X 

10® 

4.0  X 

10® 

<40 

3.0  X 

10® 

1.4  X 

10® 

■•140 

Static  (with  layer 

3.0  X 

10? 

8.1  X 

10' 

<«  81 

of  oil) 

3.0  X 

10' 

8.1  X 

10® 

'UO 

3.0  X 

10® 

5,0  X 

lo; 

*5000 

3.0  X 

10® 

5.0  X 

10^ 

■*5000 

(U)  Table  X  contains  the  data  from  e.tperiaents  in  which  B£XI  broth  with 
and  without  a  layer  of  paraffin  oil  and  Brewers'  thioglycollate  medium  were 
used  to  culture  the  organia-a  at  37'^C.  Virulence  of  cells  from  each  culture 
was  daterai.ned  in  the  usual  maruier  after  three  weeks  of  i.ncubat ion .  No 
significant  differences  in  virulence  were  detected  as  the  result  of  the  pro¬ 
longed  incubation. 
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TABI.E  IX.  (U)  INFLUENCE  OF  INCUBATION  TEMPESATUEE  ON  GROWTH  AND  VIRULENCE 
OF  AERAr-D  BROTH  CULTURES  OF  P,  PSKDOHALLEI 


INCUBATION 

VIABLE 

CEI.L  COUNT 

HA.MSTES 

•-Dso, 

cells 

Teaperaturt 

°C 

Hourjr 

After  Inoculation, 
calls/al 

,  Aftar  Incubation, 

cella/nil 

26 

48 

5.2 

X 

ion 

1.3 

X 

lolo 

28.0 

5.2 

X 

10^ 

2.2 

X 

5 

5.2 

X 

lO-^ 

1.1 

X 

10^ 

22 

5,2 

X 

103 

1,1 

X 

109 

22 

30 

48 

2.1 

X 

10° 

7.3 

X 

109 

1.0 

2.1 

X 

loS 

1.0 

X 

10^° 

20 

2.1 

X 

10-* 

C  A 

X 

10^ 

<^120 

2.1 

X 

103 

1.2 

X 

iO^ 

27 

39 

24 

1.4 

X 

lO*- 

2.3 

X 

lO^O 

5.0 

1.4 

X 

lo-* 

2.2 

X 

10^0 

5.0 

1.4 

X 

103 

2.0 

X 

10^0 

4.0 

1.4 

X 

102 

2.5 

X 

10^*^ 

7.0 

TABLE  X.  (D)  VIRULENCE  OF  BROTH  a’LTURES  OF  P.  PSEUDOHALLEI 
PIOLONCED  LVCUBATION  UNDER  STATIC  CONDITIONS  AT  OT’C 

AFTER 

GROWTH  MEDIUM 

VIABLE  CELL  COUNT 

OF  LNOCULUM, 
colls/tal 

VIABLE  CELL  COUNT 
AFTER  3  KEEKS, 
cells/al 

HAMSTER 

lJ>50t 

cells 

Thloglycollita 

1.7  X  105 

1.6  X  106 

28 

broth 

1.7  X  10-* 

3.8  X  10® 

1 

1.7  X  103 

7.4  X  10® 

16 

1.7  X  102 

5.0  X  10® 

11 

Beef  glycerol  broth 

1.4  X  10-^ 

3.9  X  10® 

-- 

(xithout  oil) 

1.4  X  103 

6.0  X  10® 

19 

1.4  X  102 

6.8  X  10® 

21 

14 

2.0  X  10® 

3 

Beef  glycerol  broth 

1.4  X  10-* 

4.9  X  lo"^ 

15 

(with  layer  of  oil) 

1.4  X  10^ 

2.7  X  10® 

6 

1.4  X  102 

2.8  X  10® 

1 

14 

7.8  X  10® 

2 
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D.  (U)  V^RUI;^CE  STUDIES 

1.  (U)  lliiastar 

(0)  A  lArga  nuabor  of  vimlenca  titration*  using  P.  pseudomalla i , 
Strain  8016  indicate  that  the  hamster  intraperitoneal  LD50  for  this  strain 
IS  between  one  and  tan  cell*  and  the  re«piratory  LD50  for  this  anlaal  is 
between  four  and  twenty  calls.  Ilaasters  given  high  doses  (15  x  10®  organ¬ 
isms)  by  the  oral  rout*  died  froa  selioidosis;  others  receiving  15  x  10^ 
and  15  x  10^  cells  by  this  route  showed  no  evidence  of  infection  when  sacri¬ 
ficed  15  days  later.  Thus,  oral  infectivity  for  hamsters  does  not  appear 
to  be  of  a  high  order;  this  finding  was  reported  by  the  S'BL  group. 26/ 

(U)  The  gross  and  Microscopic  pathology  studies  carried  out  on  ham¬ 
sters  infected  with  P.  psaudoaallei  agreed  closely  with  the  findings  of 
several  other  aroupsTliad/  As  would  be  expected,  the  lung*  of  aerosol- 
exposed  animals  usually  contained  a  greater  number  and  more  extensive 
lesions  than  those  of  animals  injected  or  fad  the  virulent  bacilli.  How¬ 
ever,  these  organs  were  almost  always  involved  to  some  extent  in  the  infec¬ 
tion  regardless  of  the  route  of  entry.  In  addition  to  the  characteristic 
lesions  pictured  in  Figures  15  and  17,  many  of  the  organ*  showed  either 
he.morrhaga  or  marked  congestion  with  edema.  Animals  surviving  the  first 
two  or  three  days  post-infection  often  were  observed  to  have  a  discharge 
from  the  eyes  and  an  opacity  of  the  corneas  that  resulteil  in  blindness. 

(U)  Cieasa  or  other  appropriate  stains  for  bacteria  revealed  numer¬ 
ous  intracellular  and  extracellular  bacteria  in  the  lesions  which  were  some¬ 
what  longer  than  the  forms  seen  in  broth  cultures.  The  marked  tendency  for 
the  necrotigir.g  lesions  to  enlarge  and  coalesce  and  the  miliary  aspects  of 
the  lesions  in  the  lungs,  spleen,  and  liver  further  emphasize  the  fact  that 
thfl  hamster  ha*  very  little  resistance  to  P.  pseudowallei  infection. 

2.  (C)  CuL'.ea  Pig 

(U)  The  majority  of  the  reports  in  the  literature  regarding  the 
pathogenicity  of  P.  pseudommlloi  Lndicate  that  the  guinea  pig  is  very  sus¬ 
ceptible  to  infection  with  tnis  organis.m.  Publications  originating  at  Fort 
Detrick  and  the  Naval  Biological  Laboratories  in  Berkeley,  California  indi¬ 
cate  that  the  LD5()  by  the  intraperitoneal  rou*’a  is  approximately  500  viable 
organi5.m3.  Other  sources,  ho«ever,  report  that  the  guLnea  pig  varies  in  its 
response  to  infection  with  P,  psaudomallei ,  i.e.,  certain  anLmala  do  not  die 
when  injected  with  concentrations  of  bacteria  exceeding  the  usual  LD5Q  figure. 
The  results  of  two  tj-pical  e.xperxments  with  the  Hartley  line  of  male  guinea 
pigs^  (350  grams)  suggest  that  Strain  8016  has  an  LD50  of  about  50  organis-ms 
by  the  intraperitoneal  route  c'  challenge,  and  an  LD30  of  about  one  by  the 
subcutaneous  route  (Table  XI) 


«  Fort  Detrick  stoex. 
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TABLE  XI.  (U)  ViaCLENCE  OF  P.  PSEUDOMA'.LEI . 
ST8A'.\  8016,  FOa  Cl’LSE.\  PiSs  A.SD  iLLMSItaS 


XVI.MAL 

ROCTE  OF 
LSOa’UTIO.V 

LD^q,  calls 
Experiment 

1  2 

Gui.-.aa  Pig 

Intraperitonaal 

52 

54 

GuLnaa  Pig 

Subcutaneous 

1 

1 

Hamster 

Intraperitonaal 

4 

1 

(n)  In  thasa  «xparlacnts,  virulence  was  detamined  by  using  hanstars 
as  a  control.  All  anlsals  were  held  for  14  days.  Those  aniaals  that  expired 
four  to  five  days  after  inoculation  were  autopsied,  and  death  from  aelioidosis 
was  confirmed  by  culturing  the  heart,  lungSi  liver,  and  spleen.  Colonies 
typical  of  ?,  pseudonallei  were  recovered  from  all  dead  animals.  The  Strauss 
reaction  was  noted  in  all  sale  guinea  pigs  dying  after  the  third  day  of  infec¬ 
tion. 


(U)  In  further  studios,  acre  variable  results  were  obtained  by  using 
ai.xed  groups  of  aniauils  of  different  sites  and  ages;  an  occasional  animal 
resisted  the  lethal  effect  of  as  aany  as  10,000  colls  for  aore  than  the 
two-week  holding  period. 

(0)  Microscopic  examination  of  various  tissues  and  organs  of  guinea 
pigs  which  died  from  the  infection  revealed  a  lesion  similar  to  that  noted 
in  hamsters.  However,  the  number  of  lesions  was  loss  and  fewer  extracellu¬ 
lar  bacilli  were  present  in  those  lesions.  In  aany  cases,  the  extant  of 
the  infectious  process  did  not  seem  to  justify  the  death  of  the  animal.  It 
seems  logical  to  assume  that  a  tox>i'.ia  resulting  from  proliferation  of  the 
organisms  has  much  to  do  wit.h  t! fatal  termination.  Such  a  phenomenon 
probably  obtains  in  human  cases  also,  where  the  extreme  Maciation  described 
IS  far  out  of  proportion  to  the  infectious  process 

3.  (U)  Monkeys 

(0)  Rhesus  and  cynomologus  monkeys  Lnjectod  intraperitoceally  with 
30  to  50,000  viable  cells  of  P.  pseudonallei  showed  no  evidence  of  progres¬ 
siva  infection.  However,  an  abscess  was  produced  at  the  site  of  injection 
of  the  monkeys  receiving  the  highest  dose  (50,000  organisms).  This  abscess 
healed  within  the  holding  period  of  two  weeks.  Gross  e.xamination  of  the 
lungs  and  viscera  failed  to  reveal  anj’  lesions  attributable  to  ?.  yseudo- 
nallei .  Because  the  first  six  virulent  strains  (Table  V)  gave  similar 
results,  it  was  concluded  that  both  species  of  monkey  were  relatively 
resistant  to  infection  with  P.  pseudonallei  by  the  intraperitor.eal  route. 
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(U)  Thr««  aonkeys  were  succossfully  infected  with  P.  paeudomallei . 
Strain  8016,  when  challenged  by  the  oral  route  with  Lstrs*  nuaoars  oT  orgain- 
isas.  One,  fed  a  biscuit  containing  approximately  10^^  viable  cells,  died 
14  days  later  of  melioidosis.  The  othor  two  monkeys,  injected  with  approxi- 
aiately  10^  viable  organisms  directly  into  the  stomach  by  means  of  a  catheter, 
wore  infected  yiSh  P.  pseudoaallei  as  evidenced  by  an  increase  in  agglutina¬ 
tion  titers,  an  icr^9se  in»th8  number  of  circulating  white  blood  cells,  and 
by  the  isolation  of  pseudomallei  at  the  time  of  sacrifice. 


E.  (C)  AE20S0L  STAHILITY  STUDIES 
1.  (C)  CenersJ.  Procedure 

(C)  Many  aerosol  tests  have  boon  carried  out  with  P.  pseudomalle i , 
Strain  8016.  In  genooal,  the  results  indicate  that  this  organism  i’  at 
least  as  stable  in  aen.'Col  fora  as  certain  other  vegetative  pathoge,  ic 
bacteria,  i,e.,  Pasteurella  tularensis,  Pasteurex  a  pest  is,  and  certain 
species  of  Brucella.  ~ 

(C)  A  series  of  aerosol  runs  was  made  with  beef  extract  sorbiwol 
broth  cultures  of  P.  pseudcmallai  grown  in  1500-*1  quantities  in  2000-al 
Erlenaeyer  flasks  on  a  water-bath  shaker  at  Fifteen  hundred  millili¬ 

ters  of  broth  were  given  a  ten  per  cent  inoculum  from  a  culture  containing 
S  X  10’  cells  per  milliliter.  .After  24  hours'  incubation,  a  sample  was 
withdrawn  for  aerosol  recovery  determinat ions  and  viable  cell  counts.  A 
ten  per  cent  Lnoculua  from  this  culture  was  used  to  seed  another  1500  milli¬ 
liters  of  beef  extract  sorbitol  broth.  Fresh  cultures  were  provided  daily 
for  three  days  for  aerosol  evmlus'.ion.  The  material  was  aerosolized  into 
a  4800-liter  test  tank  by  means  of  a  specially  constructed  spray-gun  device, 
FK8  (Figure  13).  From  simulants,  the  FX8  has  produced  small-particle  aero¬ 
sols  ranging  fro*  two  to  five  microns  in  diameter  with  a  uniformly  high 
recovery  rata.  No  significzuit  differencs  was  found  between  production 
batches  of  the  liquid  agent  nor  was  any  effact  noted  with  change  in  rela¬ 
tive  humidity.  A  summary  of  the  data  from  these  trials  is  shown  in  Table  XII. 

(U)  Lots  1  through  3  were  produced  serially  in  1500-al  shake  flasks 
by  using  inoculum  from  the  preceding  lot.  Ip.  Lots  6  through  8,  however, 
several  seed  flasks  were  prepared  as  follows:  .A  300-al  Erlenmeyer  flask 
Containing  25  ml  of  beef  extract  sorbitol  broth  was  inoculated  with  a  loop¬ 
ful  of  growth  fro*  an  agar  slant  culture  of  P,  pseudomallei .  The  flask  was 
incuoated  on  a  water-bath  shaker  for  24  hours  at  37'C.  Four  to  eight  3CO-ml 
Erlenmeyer  flasks  containing  24  ml  of  broth  each  were  inoculated  with  one 
milliliter  of  inoculum  from  the  above  broth  culture.  These  flasks  were  incu¬ 
bated  on  a  shaker  for  24  hours  at  3"®C  a.ad  stored  at  4°C  until  used.  A 
2000-ml  flask  containing  ISCO  ml  of  beef  sorbitol  broth  was  inoculated  with 
24  ml  of  culture  from  a  seed  flask.  After  24  hours'  Incubation  at  37°C, 
samples  of  the  culture  were  assayed  for  aerosol  properties.  The  aerosol 
decay  rate  for  these  three  lots  of  material  averaged  about  the  same  as 
those  for  the  five  previous  lots. 
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Flours  13.  (0)  Dis«s%«ablaJ  rX8  Aarosol 

Olasaalnation  Davies  Shoving  Slurry 
Bsssrvolr.  (FD  Sag  C-3733) 
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TABLE  XII.  (C)  AEROSOL  STABILITY  OF  P.  PSECDOHALLEI ,  STEALS  8016,  GROWN 
IS  BEJF  EXTRACT  SORBITOL  BROTH  IS  1500-KL  QUANTITIES 


PER  CENT  AEROSOL  RECOVERY, . min 

DECAY 

LOT 

VLiBli:  C£LLS/aL 

0»2 

0*16 

OOO 

IL\TE,  ;?/nin 

li/ 

5.71  X  10^ 

41.9 

19.3 

13,0 

4.18 

2b/ 

5.71  X  109 

44.0 

20.6 

11.6 

4.76 

3£/. 

6.10  X  10^ 

46.5 

20.6 

13.4 

4.44 

4=/ 

i.OO  X  10^ 

27.6 

11.4 

7,5 

4.65 

5=/ 

6.00  X  103 

28,5 

13.7 

10.5 

3.74 

7,10  X  103 

30.7 

5.2 

4.6 

6.80 

1.51  X  lO’^O 

34.1 

18.7 

10.8 

4.10 

ac/ 

1.20  X  10^0 

23.3 

16.4 

13.0 

3.40 

A. 

Average  of  nine  Lniapar.dc.ct 

trials  at 

50  per 

cent  relative  humidity. 

h. 

Average  of  nine  Independent 

trials  at 

80  per 

cent  relative  humidity. 

c , 

Average  of  six  independent 

trials  at 

50  per 

cent  relative 

humidity. 

2.  (C)  Effect  of  Storage  on  Aerosol  Stability. 

(C)  Tbe  resulte  from  one  series  of  experiaents  with  three  lots  of 
P*  pseudonallai,  strain  8018,  grown  and  stored  in  beef  extract  sorbitol 
-roth,  indie aie  a  progressive  drop  of  aerosol  stability  duris.g  storage. 

The  experiment  was  performed  as  followsi  A  loopful  of  growth  from  a  beef 
glycerol  ag<r  slant  culture  started  from  a  single  rough  colony  was  used 
to  seed  25  ml  of  beef  extract  sorbitol  broth  in  a  300-al  Erlenaeyer  flaslc. 
The  flask  was  Lneubated  for  24  houi's  on  a  water-bath  shak.r.  One-nillili- 
tor  aliquots  of  this  culture  were  used  to  inoculate  four  300-ial  Erlenaeyer 
flaskr  containing  24  ml  of  beef  sorbitol  broth.  These  four  seed  flasks 
wore  incubated  with  aeration  for  24  sours  at  35  to  4T®C  and  then  held  at 
cabinet  temperature.  A  2,000-al  flat-bottooed  flask  containing  1500  .tJ.  of 
beef  sorbitol  broth  was  inoculated  with  25  ml  of  culture  froa  a  seed  flask 
and  incubated  at  o5^C  for  24  hours  on  a  water-bath  shaker.  Three  lots 
(designated  A,  3,  and  C)  of  P,  pseudoaallei  wore  produced  in  this  manner 
or.  alternate  da^'s.  Samples  Trca  each  of  the  three  lots  ware  assayed  in 
aerosol  fo."m  at  0.  2,  4  and  8  weeks.  The  clouds  were  disseminated  Lnto 
s  48CO-litar  test  tank  with  F1I3.  The  broth  cultures  were  stored  in  sterile 
500-al  heavy-wall  reagent  bottles  at  5’C. 

(U)  Table  HII  gives  the  initial  viable  cell  counts  of  the  three 
lots  of  P.  pseudogallei  as  determined  by  four  different  groups  in  SO  and 
Technical  Evaluation  Divisions,  The  three  lots  hud  about  the  same  viable 
coll  cour.t . 
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TABLE  XIII.  (0)  VIASLE  CELL  CCCNTS  OF  THREE  LOTS  OF  P.  PSECDOMALUI  CROHN 
I.V  1500-ML  QO^NTITIES  I.N  BEEF  EXTRACT  S0R5IT0L  BROTH  a/ 


INOCUU’M, 

10®  VIABLE  CELL  COUNTS,  10^>1  AVE5L\CE 

visbla  SO  Division  TE  Btvision  VIABLE 

LOT  colls/al  M  Branch  Eval  Branch  A.'<£  Sect  MR&AE  Br  COCNT^  10^ 


A 

2.5 

10.0 

12.3 

10 

7.5 

9.9 

B 

1.4 

8.5 

9,17 

7.0 

7.2 

7.9 

C 

3.0 

10.3 

8.7 

7.4 

8  8 

8.8 

a.  Cultures  incubatad  on  a  wat«r-bath  shaker  for  24  hours  at  35^C. 


(0)  Data  concaming  th«  physical  properties  of  the  three  lots  cf 
aaterial  are  cowpilai  In  TaLla  ''IV.  All  three  had  about  the  sa.ee  pH  and 
spec  if  i*.  grr-vity. 


TABLE  UV.  (0)  PHYSICAL  PROPERTIES  OF  IllREE  LOTS  OF 
P.  PSEUDOMALLEI  CROHN  IN  BEEF  EXTRACT 
SSWrijUTETH  A.■^D  TESTED  AT  30'^C 


LOT 

VISCOSITY 

SPECIFIC 

GH.UTTY 

SURFACE  T^^SI0S. 

pH 

dyr.oi/ca 

A 

1.07 

1.09 

1.017 

41.7 

7.6 

B 

1,14 

1.16 

1.014 

48.0 

7.7 

C 

1.006 

1.021 

1.015 

49.1 

7.7 

a.  CentistoRea  .■ 

b.  Cintipoisas. 


(O)  The  aerosol  recovery  values  of  the  fresh  slurry  of  Lots  A,  B 
and  C  of  P ,  pseudcoallai  are  shown  in  Table  XV. 
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TABLE  XV.  (C)  AEROSOL  RECOVERY  VALUES.^/  OF  THREE  LOTS  OF 
P..  PSEHDOMA1.I.E1  CROHN  IN  BEET  EXTRACT  SORBITOL  BROTH 


LOT 

DAY 

viable  cell 
com  pi.-'  al 

PER  CENT  AEROSOL  RECOVERY,  ain 
*■  0*4  0*8  0*32 

1 

1.23  X  10^0 

28.6 

4.3 

3.4 

1.23  X  lOlO 

32.7 

5.4 

2.9 

A 

2 

l.2a  X  10^^ 

2.0 

2 

1.28  X  10^0 

11.5 

2.1 

1.4 

3 

9.17  X  10*^ 

9.1 

3.9 

2,3 

3 

9.17  X  10^ 

49.8 

9.3 

3,6 

B 

1 

6.93  X  10^ 

21.8 

4,7 

4.4 

4 

6.93  X  10^ 

24.6 

6.9 

3.6 

5 

8.7  X  10^ 

22.2 

7.2 

7.2 

5 

8.7  X  10^ 

26.4 

3.3 

7.1 

C 

6 

7.18  X  10^ 

26.5 

6.2 

2.8 

6 

7.13  X  10^ 

28.4 

4.5 

2.8 

Average 

25.6 

5.0 

3.3 

Decay  Rata 

7.6  per  cent  aia 

A.  FK8  atoffliier  us«d.  Detenair.at ions  .T.ada  by  GO  DiTisi'  i. 


lO  The  ei'fecE  of  storage  at  5^C  on  the  aerosol  stabilities  of  the 
three  lots  of  P.  pseudoaallei  is  shown  in  Table  XVI,  The  cloud  decay  rates 
were  sLailar  for  all  three  lots  of  aaterial  after  two  and  four  weeks'  stor¬ 
age.  Hoyever,  the  average  source  strength  (per  cent  recovery)  at  0»4 
sinutes  for  the  three  stored  lots,  (e.xcluding  Lot  5  at  the  two-week  test 
period),  was  roughly  one-half  that  of  the  fresh  cultures.  This  effect  of 
holding  broth  cultures  at  5’C  on  the  aerosol  recovery  of  the  agent  needs 
further  investigation. 

3.  (C)  Conparison  of  Aerosols  froa  Two  Disse.oinators 

(C)  The  Sicne  three  lots  of  P.  pseudotiille i  were  used  in  a  coopera¬ 
tive  study  (with  Technical  Evaluation  Division)  of  the  rKS  and  the  C 
generator.  The  source  stren.gth  of  the  aerojol  varies  with  the  d)  ssea' nat  mg 
device  used.  The  aerosols  produced  by  t  ie  C  generator  were  about  fi'-'e  tmes 
lower  in  souice  sti'ength  than  thcte  fro.-a  t  ,e  FX8  (Table  XYII).  Also,  <.he 
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TAiJLE  111.  (C)  AEROSOL  STABILITT  Of  THREE  LCTS  OF  P.  PSEUDOMAILEI  GROWN  IN 

BEE?  EXTRACT  SORBITOl  BROTH  AND  STORED  POS  SeTERjCL 


LOT  A 

Apoaoc  acomT,  1> 

mi  BIT 

<34\  (V'l«  0>M 


LOT  1 

AHOSOL  MCOVtTf  % 
BIV  KU. 

0/l»  0^ 


LOT  C 

AtlOSOL  KComT,  < 
IDS  ~sla! 

0/a  0A»  0/30 


2564 

i.o 

1.1 

1.0 

2554 

t.i 

1.3 

0.7 

2560 

10.1 

1.7 

1.0 

2561 

8.4 

1.1 

0.8 

2562 

11.8 

1.2 

0.9 

2563 

12. T 

1.2 

0.9 

AT«r%4« 

10.1 

1.4 

0.9 

r4<«7  titi 

l.8</aln 

TIaSU  Call 

Co»mt/nX 

« 

.38  X  10 

1 

2813 

8.8  1.0 

0.3 

2833 

IS.S  1.8 

0.4 

2821 

18.3  l.O 

0.3 

2822 

14.4  0,7 

0.3 

2823 

17.8  1.3 

0.3 

2824 

11.3  1.1 

0.8 

Avarxca 

14.2  1.1 

0.4 

D*<47  Txta 

12.T<.'min 

llAbla  Call 

Cd«Mt  'tu 

6x05  X 

10^ 

2545 

3.3 

0.4 

0,2 

4.8 

0.2 

0,3 

2657 

4.2 

0.3 

0.2 

2U>6 

L.O 

0.3 

0.3 

25«S 

3  8 

0.7 

0.3 

2590 

3,8 

0,8 

0.2 

lr%r%f 

4  3 

0.4 

0.3 

>«»/  Ut*  -.t-W/min 


Tiulo  Ciil  . 

Co«iat  'xl  6.2 


TSO  9008 

2884 

21.0 

1.3 

O.J 

288$ 

21.2 

1.1 

2SM 

17.9 

1.1 

0.4 

288  7 

32.7 

1.0 

O.l 

2888 

28.8 

2.0 

t.4 

2889 

34.7 

2.7 

1.: 

23.8 

1.7 

0.4 

11 

.3</»  ii» 

S.ST  X  10* 


m'l 

JItSS 

2635 

9.4 

o.s 

0.4 

2625 

2.7 

0.9 

0.4 

2627 

13.2 

0.8 

0.4 

2625 

22.4 

1.4 

0.5 

26» 

7.8 

2.7 

1.5 

2630 

10.3 

2.0 

IJt 

11.0 

1.4 

0.5 

9 .4#.'*ln 

6.J0  X  10* 


HCMT  »KL£5 


2b'>l 

i.r 

0.8 

0.5 

26f2 

0.8 

5.4 

2653 

4,6 

1.7 

3-5 

3604 

5.8 

2.3 

X-4 

36^5 

7.0 

2,3 

i-0 

26 

9.7 

3.3 

r  .1 

5.4 

l.S 

1-1 

5. A  X  10* 


2870 

8.7 

0.4 

0.3 

2871 

2.1 

0.3 

0.2 

2572 

9.2 

0.8 

C.  i 

2871 

9.1 

1.0 

o.a 

2174 

9.8 

0.8 

0.5 

2875 

18.4 

1.4 

0.7 

8.8 

0,7 

0.5 

10 . 21K4'«ia 

8.1  »  10* 


2831 

7,5 

0.4 

0.3 

2832 

13.4 

0.1 

0.3 

2833 

3.3 

1.8 

0.8 

2834 

8.3 

2.0 

l.l 

2838 

8.0 

2.1 

1.3 

2838 

9.7 

l.S 

l.l 

8.4 

1.4 

0.8 

8,4</aLa 

6. 

.97  X  13 

9 

20^7 

1.7 

0.7  0  3 

2696 

2  7 

O.S  0.4 

3699 

2,1 

1.0  0.8 

2700 

7.1 

1.3  l.O 

2701 

3.1 

1.2  0.9 

2702 

7.4 

1.2  1.1 

4.3 

1.0  0.8 

6, 

.Ol.'.V3 

7 

.  3  X  -'.0* 
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sourco  strengths  of  Lo's  A  and  3  ilissea mated  by  the  C  generator  were 
signif Lcaiitly  higher  at  the  I’«.05  lerel.  It  was  concluded  that  the  lower 
source  strength  of  Lot  C  disser.mated  by  the  C  generator  was  a  result  of 
the  day  rather  than  of  the  lot,  because  data  derived  from  dissemination 
of  simulant  on  tne  same  day  also  were  significantly  lower  than  that  for 
the  other  two  days  of  testing.  Because  results  with  Serrat ia  aareescens 
gave  the  expected  high  recovery  values  when  the  C  generator  was  used,  it 
was  concluded  also  that  the  generator  exerted  a  deleterious  effect  on  the 
pathogen;  this  affect  was  not  evident  with  the  FKS  device. 


TABLE  XVII.  (C)  HFA\  SOCSCE  ST21'>CT1IS  A.\D  DECAY  iL\TES  OF 
P.  PSa'DOMALLEI  GROWN  IN  BEEF  E.XTRACT  SORBITOL  BROTH 

anITdisseiinated  by  two  HETHODS 


LOT 

AEROSOL 

RECOVERY,  PER  CENT 

DECAY 

RATE 

FK8 

0/4  am. 

C  Generator*/ 

Per 

n<3 

con 

C 

it/min . 
Generator 

A 

24.3 

8.0 

3.46 

5. 07 

B 

35.4 

7,.l 

2.91 

3.10 

C 

25.9 

6.8 

1.48 

3.53 

a.  Determinations  by  HR  and  A£  Branch,  Technical  Evalua¬ 
tion  Division. 


(C)  The  results  obtaLned  by  using  the  C  gor.eritor  indicate  that  the 
source  strengths  of  the  throe  lots  of  ?.  pssudoaallei  after  24  hours'  stor¬ 
age  at  4®C  were  significantly  lower  than  those  of  the  freshly  produced 
agent  (Table  XVIII).  This  confirms  the  previous  finding  that  storage  of 
broth  suspension  of  this  organis.m  at  4’C  adversely  affects  aerosol  stabil¬ 
ity.  Additional  data  on  these  agent  device  trials  are  ctmtained  in  t.he 
Tectmicail  Evaluation  Division  Report  of  Test  5T-A-905.n2' 

(C)  A  comparison  of  t.he  aerosol  properties  a.nd  respiratory  mfec- 
tivity  of  rough  and  smooth  strains  of  ?.  pseudcaallai  grown  Ln  beef  e.rtract 
sorbitol  medium  and  In  casein  acid  digest  medium  was  determined  by  Technical 
Evaluation  Division.  Both  sao.  •’h  a-nd  rough  strains  grown  in  the  beef  sorbi¬ 
tol  mediam  ex.hibited  sigr.ificar.  .ly  higher  source  strengths  than  when  culti¬ 
vated  in  the  CAD  mediu.m.  The  ar.ooth  strain  cultured  i.m  beef  sorbitol  showed 
higher  source  strengths  and  lower  decay  rates  tnan  the  rough  strai.n  grown 
in  the  3a.me  medium. 
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TABLE  XYIII.  (C)  MEAN  SOOBCE  STXENC-raS  AND  DECAY  SATES 
OF  P.  PSEDDOHALLEI  CSOVN  IN  BEE?  S02BIT0L  BSOTH 
AND  STOteS  FOa  24  HOCBS  AT  A’C 


RECOVERY,  PER  CENT 

DECAY  RATE 

TLME  Of 

0/4  min. 

^/ain. 

TilALS 

Lots 

Lots 

ABC 

ABC 

1  5.00  4.56  2.03  5.66  2.6  2  2.53 

2  2.40  1.85  1.08  4.46  3.60  4.50 


(C)  Tha  raspiratory  LD^g  for  gulnaa  pigs  haasters  of  tha  various 
strains  culturad  in  tha  t«o  nedla  could  not  b«  estiatatad  bacausa  a  high  rats 
of  kill  was  axparlancad  with  both  spacias  of  aaiaals.  Rovavar,  tha  rough 
strain  grown  in  CAD  producad  100  par  cent  aortality  with  fewer  organisaa 
than  tha  saooth  or  rough  strain  cultured  in  baef  sorbitol.  Tha  exparixetttal 
procedure  and  test  <^talls  are  given  in  Technical  Evaluation  Division  Report 
of  Tost  58-4-956.30/ 


F.  (C)  DKTI.VG  STDDIES 

(C)  In  Initial  studies  cuiducted  with  P.  psaudosu0.1ai  In  SO  Division, 
virulanca  decreased  during  tha  drying  process^  Several  suspending  fluids 
wars  studied  for  their  ability  to  enhance  stability  and  to  retain  viru¬ 
lence  of  tha  , ^ent  through  the  lyophilization  process,  but  none  of  those 
tried  were  superior  to  distilled  water.  Tha  cultures  for  these  early 
studies  were  produced  in  15-liter  aaounts  of  beef  extract  glycerol  or 
sortitol  broth  in  tha  five-gallon  carboy  sparger.  Cells  from  the  cul¬ 
tures  were  centrifuged  in  a  Sharpies  Suparcentnfugo.  Tha  "aud"  recovered 
usually  had  a  count  of  10^^  viable  ceils  per  gram,  although  some  lots 
yielded  as  xuch  as  10^^  viable  cells  per  gram.  The  cell  concentrate  was 
then  resuspended  in  an  equal  volume  of  a  suspending  fluid,  placed  in  dry¬ 
ing  trays,  froren  at  -60‘’C,  and  lyophilired  in  the  freere-dryer .  Dried 
products  obtainou  from  this  procedure  frequently  had  a  count  of  10^^ 
viable  cells  per  gram.  Grinding  of  the  dry  product  in  a  Tanner  Spin 
Mill  ."educed  the  viable  count  by  30  to  80  per  cent. 

1.  (D)  Herhar.isa  of  Virulence  Loss 

(n)  Recent  drying  -itudies  were  directed  toward  elucidatLng  the 
mechanism  of  virulence  loss  occurring  in  t.ne  lyophilization  process. 

The  results  obtained  from  four  replicate  experiments  indicate  that  the 
reduction  was  caused  by  a  temporary  physiological  change  and  not  by  a 
genetic  alteration. 
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(0)  The  experiawnts  were  designed  to  test  two  hypotheses,  (a)  If 
the  reduction  in  virule;*ce  during  drying  was  caused  by  a  genetic  change, 
the  dried  product  would  contain  a  largo  proportion  of  avirulent  calls. 

Hence,  broth  cultures  started  with  inocula  which  had  undergone  the  drying 
process  wc-ild  show  no  increase  in  virulence  (assuming  the  avirulent  mutants 
reaaining  in  the  dried  product  are  capable  of  ayltiplying  as  rapidly  as  the 
virulent  cells),  (b)  If  the  loss  in  viri0.enca  curing  drying  were  caused  by 
a  physiological  change,  e.g.,  damage  to  or  the  destruction  of  a  pax^icular 
enzyme  system,  then  the  dried  cells  v«ould  be  Able  to  repair  the  damage  dur¬ 
ing  multiplication  and  thus  regain  their  original  virulent  state.  The  latte 
hypothesis  appears  to  be  the  correct  one.  The  following  experiment  supports 
this  conclusion. 

(C)  A  loopful  of  growth  from  an  agar  slant  culture  of  P.  pseudo- 
smllai  was  placed  In  20  ml  cf  beef  extract  sorbitol  broth.  The  culture  was 
incubated  with  aeration  for  24  hours  at  Eight  300-ail  Erlerr.  lyer 

flasks  containing  20  ml  of  broth  each  were  inoculated  with  0.2  ml  of  cell 
suspenaion  from  the  abcw  culture.  These  eight  fXaaka  were  incubated  on 
a  3T^C  water-bath  shaker  for  24  hours.  The  growth  from  four  flasks  (80  ml) 
was  combined  and  mixed  with  SO  mg  of  ingredients  of  a  modified  Saylor's 
preparation  (9.10  per  cent  riboflavini  45.45  per  cent  thiourea;  and  45.45 
per  cent  ascorbic  acid).  The  growth  from  the  remaining  four  cultures  was 
also  combined.  Saa^let  of  the  two  call  suspensions  were  removed  for  viable 
counts  and  virulence  determinations.  Four-al  aliquots  of  the  culture  con¬ 
taining  the  modified  Saylor's  constituents  were  placad  in  10-ml  vaccine 
bottles.  The  plain  broth  culture  also  vat  dispensed  in  four-ml  amounts 
into  another  set  of  10-sil  vaccine  bottles.  The  material  was  frozen  at 
SO'^C  and  lyophilized  in  the  freeze-dryer;  the  dx^  products  were  then  resus¬ 
pended  to  original  liquid  volume  with  sterile  distilled  water.  The  LD5Q 
of  the  resuepended  dry  material  was  determined  by  injecting  1.0-al  amounts 
of  serial  tenfold  dilutions,  estimated  to  bracket  the  anticipated  endpoint, 
into  the  intraperitoneal  cavity  of  hamsters.  A  0.2-ml  aliquot  of  the 
material  dried  in  tho  mother  broth  and  reconstituted  in  distilled  water 
was  used  to  inoculate  20  ml  of  beef  extract  sorbitol  broth.  These  flas-ks 
were  incubated  with  shaking  for  24  hours  at  37®C  and  the  viable  count  and 
the  hamster  LD5Q  were  dotermi.ned.  Results  obtaLnod  from  fear  replicate 
experiments  are  shown  in  Table  XIX. 

(U)  An  examination  of  the  data  Ln  Table  .XIX  reveals  that  cells 
dried  in  tho  mother  broth  underwent  a  two-  to  four-log  drop  in  viability 
and  an  inci-oase  in  the  hamster  11)5^.  The  cultures  dried  in  mother  broth 
containing  modified  Naylor's  constituents  e-xhibit  a  four-  to  fixe-log 
drop  Ln  viable  count  but  still  retain  their  original  virulence.  Cells 
dried  in  mother  .oth  regaLn  their  original  vii-ulent  state  on  subculture 
in  beef  e.Ttract  sorbitol  broth.  This  indicates  that  the  reduction  in  viru¬ 
lence  of  the  cultures  dried  in  mother  broth  is  a  physiological  rather  than 
a  genetic  change.  Othexn»ise,  one  would  not  expect  the  subculture  or  the 
cells  dried  Ln  modified  Naylor's  solution  to  be  as  virulent  as  the  liquid 
cultures  before  drying. 
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2.  (U)  Viability  ar.il  Virulence  After  Drying 

(C)  After  the  re^luction  in  virulence  of  P.  pseudonallei.  during 
lycphil nation  »a»  shown  io  bo  a  physiological  cfiarge,  the  next  step  was 
to  isTostigito  various  suspending  fluids  that  could  be  used  as  drying 
menstrua  and  would  presem'e  the  virulvnce  as  well  as  increase  the  percent¬ 
age  of  cells  surviving  the  drying  process.  Cells  grown  in  beef  extract 
sorbitol  broth,  centrifuged,  and  suspenilod  in  a  five  per  cent  sucrose 
solution  showed  no  apparent  loss  of  virulunce  for  hamsters  after  lyophili- 
laticc.  Recoveries  averaged  10  to  30  per  cent  of  the  viable  population 
{Table  U)  . 

il)  r.ne  aiiuition  of  2.3  pur  cent  seim  siIa  to  tne  sui.rus^  sol-lur. 
increased  the  average  viable  recovery  aftsr  lyophilizat  ion  to  35  per  cent. 
Results  of  preliminary  experiments  indicate  that  th.«  antioxidants  (thiourea 
and  ascorbic  acid  in  0.5  per  cent  concentration)  could  be  added  to  the 
sucrose  skim-ailk  diluent  without  adversely  affecti.ng  virulence  (Table  X.ti )  . 


G.  (C)  bT0R.Vf.E  bTABILlTY  OF  LIQUID  SI■bPI^bI0S'>  OF  ?.  PSEUDOHAaEI 

(C)  The  storage  stability  of  liquid  preparations  was  tested  at  -70, 

-20,  4  and  25'C.  Colls  for  the  suspensions  were  obtained  frat  cultures 
grows  in  15-liter  amounts  of  beef  extract  glycerol  broth  in  five-gadlon 
carboys.  The  cells  were  sedimented  by  contrifu.;ation  and  then  resuspended 
to  t.be  desired  concentration  in  the  ''ollowing  test  diluents:  (a)  gelatin 
sali.me,  (b)  spent  BES  broth  plus  buffer,  and  (e)  fresh  2ES  broth.  Ono- 
ailliliter  samples  of  the  different  cell  suspensions  were  dispensed  in 
small  polyethylene  syrettes  and  held  at  each  te.-iperaturo  mentioned  above. 

At  sp«ified  intervals  two  or  more  of  those  syrettes  wore  selected  at  ran¬ 
dom  from  each  storage  temperature  to  determine  viable  cell  count  and  viru¬ 
lence  for  hamsters.  Additional  storage  experiments  were  performed  in 
which  1500-al  beef  extract  sorbitol  broth  cultur-s  of  P.  pseudoaallei  were 
grown  in  20C0-nl  quantities  for  varying  periods  The  results  of  these 
studies  are  shown  graphically  in  Figures  19,  20,  21,  22  and  23.  Figui^  24 
shows  the  Stonge  stability  of  suspensions  derived  frca  solid  media. 

Although  there  was  a  steady  decline  in  viable  coll  counts  with  storage 
time,  Tirjlsnca  for  the  hamster  by  the  intraperitor.eal  route  or  by  aerosol 
inhalmtion  did  not  decline  to  any  appreciable  extent.  Virulence  of  products 
stored  for  six  weeks  at  4^C  a.~.d  lower  re.mained  unchanged.  Storage  at  4  to 
5^C  would  apparently  be  suitable  for  six  to  nine  weeks  if  a  concentration 
of  1  X  10^  viable  cells  per  milliliter  were  acceptable.  The  mother  broth 
is  a  suitable  storage  menstruum  and  no  processing  of  cultures  aXtar  produc¬ 
tion  IS  required.  However,  as  noted  previously,  the  aerosol  stability 
decrsxses  with  storage. 
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Cells  dried  in  five  per 
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TABLE  XXI.  (C)  EFFECT  OF  VAIilOCS  X'-TIO.XIUA.ST  SOLUi'IOSS  O.S  BIOLOGICAL 
BECOVEaV  A.SD  VI3L•Li^CE  OF  P.  PSEEDOMALl-EI  AFTER  LTOP!IIlI/,ATION' 


ran\G  H.sNSTHa'H 

HLIN  biological 

RECOVERY  AFTER 
LYOPHILIZATION,  5 

HAMSTER 

IPLDso, 

calls 

SS  diluent*/  I  control) 

35.42/ 

10 

Thiourea 

1.0^ 

*1.0 

--c/ 

-  1.^  i  SS  diluent 

21  1 

»20C 

0.5^  /  SS  di*uent 

60,1 

<  10 

1,C<  i  sucrose, 

4.7 

10 

Ascorbic 

0.5^: 

*1.0 

acid 

0.5^*^  thiourea  0.5^,  i  SS  diluent 

48.1 

10 

0.55  /  SS  diluent 

34.6 

*10 

Citric 

0.55 

-1,0 

acid 

0.55  i  ascorbic  acid  0.55  r  SS 
diluent 

*1.0 

•• 

0.55  /  thiourea  0.55,  /  ascorbic 
acid  0.55  /  SS  diluent 

‘1.0 

•• 

0.55  /  thiourea  0.55  /  SS  diluent 
0.S5  t  SS  diluent 

‘1.0 

‘1.0 

•  *• 

a.  Fiv«  p«r  c«at  sucro>«  plus  2.5  per  cast  skia  ailk. 

b.  Mean  of  nia*  LidepeRdent  trials;  all  other  flg\ires  are  the  aean  of  two 
independent  trials. 

c.  No  results. 


H.  (U)  niER-iPY  STTDIES 

1.  (C)  jn  vitro  Sensitivity  Tests  to  Antibiotics 

The  in  vitro  sensitivity  of  P.  pseudomallei ,  Stra.ns  8016, 

145J,  1455,  14.6c,  14 5 T  luid  1453,  to  chlorte t racycl me ,  oxytatricycline  , 
tetracycline  and  chloraaphenicol  were  tested  by  the  disk  aethodiO;'  and 
the  Szybaiski  or  gradient  plate  technique ,2?''^ 

(U)  The  disk  aet.hod  was  used  in  tests  in  which  beef  extract  glycerol 
agar  plates  were  inoculated  with  0.1  .al  of  a  1:100  dilution  of  a  24-hour 
beef  glycerol  broth  culture  of  each  strai.n  of  P.  pseudomallei  ;  then  sterile 
disk.s  impregnated  with  antibiotics  were  placed  on  the  plates.  Zones  of 
inhibition  were  measured  and  recorded  after  24  hours'  incubation  at  37'^C. 

The  results  are  recorded  in  Table  '1111. 
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(C)  stability  of  P.  p»ou(it>«allel  Stored  in  Various 
Henatrua  at  4®C. 


I  stability  of  P.  pyrudonallel  Stored  in  Various  Menstrua 
Approximately  25‘’C. 
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Kl^.ire  24.  (C)  Stability  of  P.  p»oudu»>l  let  Celia  v^i-oen  on  lltof  txtrtcl  ClyceroX  Ager 

bnil  Stored  In  VarToua  Henatrue  at  4'’C. 
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(U)  fho  Szybalsici  plat«  technique  was  used  in  the  following  test- 
20  nl  nf  beef  glycerol  agar  containing  one  ■alcrogra.-n  of  antibiotic  per 
aillililer  were  poured  into  a  sterile  Petri  dish.  The  dish  was  slanted 
so  tnat  the  agar  just  covered  the  botton  and  a  gradient  of  agar  thickness 
was  obtai.'.ud,  Aftar  the  agar  hardened,  the  plate  was  placed  on  a  flat 
surface  and  a  second  layer  of  agar,  containing  30  micrograns  of  antibiotic 
-  nilliliter,  was  added  to  the  dish.  The  plates  were  put  into  the  refrig- 
t  tor  to  allow  diffusion  of  the  antibiotic  that  resulted  in  a  gradient 
concentration  of  the  test  substance  which  ranged  frosi  1  to  30  aiicrograas 
per  .nillilitar .  A  loopfui  of  a  24--nour  beef  glycerol  broth  culture  of 
each  of  the  six  P.  pseudoaallai  strains  tested  was  streaked  on  the  agar 
surface  of  plates  parallel  to  the  concentration-gradient  axis.  All  si.x 
strains  could  be  screened  for  sensitivity  to  one  antibiotic  on  one  gradient 
plate.  The  plates  were  i.ncubatcd  at  37’C  and  the  amount  of  inhibition  of 
a  given  antibiotic  was  ietemined  visually  after  2d  hours.  The  results 
given  in  Table  tXlII  are  expressed  as  the  approxLmato  concentration  of 
antibiotic  in  micrograas  per  milliliter  required  to  inhibit  growth. 

TABLE  UIII.  (U)  IV  Vnao  VSTIBIOTIC  .lESSITIMTY  OF  SIX  STiM.'.S 

OF  >.  PbEVDOMALUI 


A.VTI3ICTIC 

P. 

PSECDOMALLEI  STR.\IN 

1454 

1455 

1455 

1457 

1458 

8016 

Chlort  e  t  racyc  1  me 

1 

1 

1 

1 

1 

2 

Tetracycline 

1 

5 

9 

11 

11 

11 

Oxytet racyc line 

ll 

11 

16 

17 

17 

15 

Chloramphenicol 

9 

30 

30 

3 

30 

20 

2.  (C)  Antibiotic  Therapy  of  LxperL-sa.ntal  Melioidosis  i.n  Ha.Ti3ters 

(C)  In  a  prolininary  experiment,  2000  aicrograas  of  chiorteiracy- 
clina,  cxj-tetracycline ,  or  tetracycline  given  twice  daily  prolonged  the 
survival  time  of  hamsters  i.nfsctsd  with  10,000  viable  crgsnisms  of  ?. 
pseudoaallei ,  Strai.n  S015,  but  did  not  prevent  death.  Chloramphenicol, 
in  the  same  experiment,  proved  ir»f fective .  These  results  suggest  .hat 
more  frequent  administration  of  the  first  three  drugs  aentiired  above 
should  help  maintain  a  aAximu.-a  antibiotiu  concentration  in  the  blood  and 
tissues  and  might  give  more  favorable  results.  This  possibility  was  tested 
in  another  experiment  in  which  hamsters  infected  with  1900  viable  cells  of 
Strain  8015  were  given  2000  micrograas  of  an  antib'otic  four  ti.mes  a  d.g,'. 
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In  addition  to  tho  a<Iinin istrat ion  of  sint;lo  antibiotics,  tho  effect  of  2000 
aicrograas  of  tetracycline  in  combination  rflth  either  haman  gawa  globulin 
or  human  sera  was  tost6<l  on  one  group  of  infected  animals.  Human  gamma 
globulin  and  human  plasma  given  in  conjunction  with  oxytetracyclina  or 
chloramphenicol  havo  protected  nice  infected  with  various  organ i sms , 34/ 

(U)  Forty-five  haiasters  eauh  were  injected  intrapnritonoally  with 
1900  viable  cells  from  a  2l-hour-old  beef  extract  sorbitol  broth  culture  of 
P.  pseudomallo i ,  Strain  8016,  whose  i-Oso  was  about  one  cell.  Approximately 
Three  hours  later  antibiotic  therapy  was  initiated.  One  group  of  infected 
animals  received  one  milliliter  (2000  microgiams)  of  antibiotic  by  the  sub¬ 
cutaneous  route  every  six  hours;  a  second  lot  of  five  animals  receive  five 
aicrograms  of  htiman  gamma  globulin  (Poliomyelitis  Immune  Globulin,  Lederle 
Laborato.'ies)  plus  ^<^00  microgra.ms  of  tetracycline  every  12  hours.  A  third 
group  of  infected  animals  received  0.1  ml  of  human  sera  plus  20'>'  micrograas 
of  tetracycline  every  12  hours.  Tho  controls  consisted  of  mfectail  animals 
given  no  treatment,  infected  animals  receiving  five  milligrams  of  human 
gamma  globulin  every  12  hours,  and  uninfected  animals  U'joctod  witn  anti¬ 
biotic  every  six  hours.  Therapy  was  aiLministored  to  surviving  animals  over 
a  period  of  four  days. 

(U)  The  results  of  the  above  experiment,  recorded  in  Table  X.XIV 
show  that  chlortetr-scycline,  oxytotracyclir.o ,  and  tetracycline  given  in 
2000-micrograa  d.jses  every  six  hours  prolonged  the  survival  time  of  tho 
infected  animals.  Chiora-mphenicol  and  neomycin  sulfate  had  no  effect. 

Human  sera  plus  tatracycli.'’e  grve  little  or  no  protection  to  tho  infected 
animals  at  tho  dosage  level  used. 

(G)  In  a  repeat  of  the  above  experiment,  two  additional  combina¬ 
tions,  tetracycline  plus  either  ethylenodia.niiie  totracetic  acid  (EDTA)  or 
cortisone  acetate,  were  also  assayed  for  their  protective  values.  A  group 
of  hamaters  inoculated  with  1100  viable  colls  (about  HOO  LDjq's)  of  P, 
psjudomallei  were  treated  with  antibiotics  alone  or  in  combination  wiTh 
various  compounds  (Table  XXX').  The  therapeutic  agents  wore  ad-ministered 
to  tho  animals  every  six  hours  for  Tj  days.  The  animals  that  died  after 
the  fourth  deiy  of  treatment  were  autopsied  and  various  tissues  were  col¬ 
lected  for  histopathological,  and  bacteriological  studiea. 

(U)  Chiortetracyclme  administered  alone  or  in  co.mbma^t  ion  with 
hua.an  gamma  globulin  or  hu.man  plasma  prolonged  the  sura-ival  time  of  infected 
animals  until  therapy  was  discontinued  (Table  X.XV)  .  The  P.  pseudomalle  i 
organisms  isolated  fro.m  tho  tissues  of  infected  animals  treated  with  chlor- 
tetracycline  were  as  sensitive  to  this  drug  as  the  original  stock  culture, 
indicating  that  the  organisms  did  not  become  chlortetracycline-resistant 
Ln  vivo.  At  autopsy  all  infected  animals  dying  after  the  fourth  day  had 
grossly  visible  lesions  of  various  organs  including  lu.".g3,  liver,  kidney, 
heart,  testes  snd  spleen.  The  liver  and  spleen  were  most  extensively 
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involvud  in  Ihi;  ir.foctious  proc*:»s.  licrcvcopically,  Irtt  multiple  lesions 
of  various  sizes  w.-re  characteristic  of  -.(•lini'losis  .  0  lumsa- st  a  ir.o'l  sec¬ 

tions  of  the  l.js.ons  revealoil  numerous  bacilli  within  thorn, 

(I)  'prar' n  t  Iv  chlorto  t  rac  vc  1  me  is  capable  of  preventing  the  organ¬ 
ism  from  mu  1 1  ip  l>'ln,{  in  the  aninal  bo<‘.)'  as  loni(  as  a  Certain  level  of  the 
antibiotic  is  laintaine.t  in  the  blooil  an;  tissues.  However,  when  the  chlor- 
tetracyc  I  me  concentration  beijins  to  trop,  the  bacteria  nroba  ly  be){in  to 
multiply  and  kill  the  host.  Thus,  it  w- ul  i  s<'en  that  the  normal  defensive 
.mechanis.ns  of  the  hanster  are  not  capable  of  lestroyin^  the  bacterial  colls 
while  ‘hey  are  under  the  inhibitive  effects  of  the  antibiotics. 

( L‘ I  The  use  of  LDT.V  and  cortisone  in  conjunction  with  tetracycl  ne 
in  this  etperiaent  ha.t  no  apparent  protect  ire  effect. 

3.  ( f )  Treatment  of  Ktper  laental  lelioilosis  in  (lul.-.-s  Pl,cs 

(1)  In  two  experi.monts  with  ^ui.-.oa  p:<s,  chi  orto  t  racyc  1  ino  ,  letra- 
cyclme  an!  oxytetracycline  prolonjted  t.ne  sun’iv.il  tine  of  animals  infected 
with  large  doses  (10,300  to  15,000  viable  eellsj  ot  ?.  pseu<loaal  lei .  Chlora.m- 
phonicol  was  ineffective  (Table  'ClVl ) . 

(C)  A  group  of  guinea  pigs  were  injected  Intraperitor.eally  with 
10,300  viable  cells  of  P.  psaudoaalle I ,  Strain  dOlo.  Antibiotic  th.arapy 
was  initiated  nine  hours  after  tn«  animals  were  Infaiited.  Infectid  guinea 
pigs,  with  the  exception  of  a  control  group,  were  given  3000  ai-rograms  of 
lui  antibiotic  every  six  hours  for  oj  days  followed  by  3000  aicrograms  of 
an  antibiotic  given  twice  daily  for  five  dars.  Uninfected  guinea  pigs 
(antibiotic  controls)  rucev.od  the  sa.ee  amount  of  antibiotics  as  the  infected 
animals.  The  animals  that  died  were  autopsied  and  tissues  collected  for 
histological  an.l  bacteriological  exa.mir.at  icn.  This  e-xperiment  was  repeat'd 
on  a  group  of  gu  .nea  pigs  injected  intraperitoneally  with  15,000  organisms 
per  animal.  The  ir.lected  g-ainea  pigs  were  given  3000  aicrograms  of  an  anti¬ 
biotic  every  si.x  hours  for  o-j  days  followed  by  3000  micrngra.ms  given  twice 
daily  for  a.m  additional  eight  days. 

(C)  The  results  obtained  from  these  tvo  experiments  suggest  that 
♦he  gUi.noa  pig  responis  to  therapeutic  treatment  with  the  tetracycli.ies 
more  readily  than  the  ha-ister,  probably  because  of  its  greater  degree  of 
natural  resistance. 

(Uj  The  nicroscooic  study  of  tissues  of  treated  and  untreated 
anLmals  "'id  not  dcaonstruta  a  significant  litfemnce  among  greors.  The 
e.x'tant  of  tissue  involvement  in  the  Lmfecticas  process  varied  c  siderably 
from  animal  to  animal  irrespective  of  t.he  treatment.  As  .noted  eviously. 
in  certain  anLmals  tha  pat.iological  process  did  not  appear  to  '  ave  been 
sufficiently  e.xtensiva  to  cause  death,  except  perhaps  on  the  basis  of  a 
to.xe.mia. 
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VI.  (c)  D:->assiiis  and  cosci.usioss 


(C)  Tho  firtilings  of  Hiller  ard  coworkor*.  Canadian  trf  research  perscinnel, 
tho  Saval  Biological  l.aborator los ,  and  tha  HH  labs  support  tho  conclusion 
that  both  Actim  jacillus  .nallei  and  Psoudo.T.onas  psaudoaallai  cany  of 

tho  qualitios  desii^d  for  BH  purposes.  '  »■ 

(C)  Tha  historius  of  natural  infections  c&usod  by  the  glanders  and 
melioidosis  organlsws  mdlcata  that  oach  has  a  .■narked  biological  effective' 
noss  against  man.  Available  epidemiological  data  suggest,  hoitever,  that 
the  former  Is  rore  infective  than  the  latter.  In  clinically  recogriied 
cases  melioidosis  appears  to  bo  morn  acute  Qnd  .more  rapidly  fatal  than 
glanders.  Tha  high  mortality  ratei  recorded  in  both  diseases  offer  strong 
supporting  ovidonca  for  classifying  these  bacteria  as  lethal  agents,  Tho 
repcrted  severity  of  natural  infoctions  and  tho  e.'cpori.’aontai  dat*  shoving 
effect. ve  doses  in  animals  by  oral  and  otroi  routes  of  aibainistrallon  l.'di- 
cata  a  formidable  casualty  potential  for  thuae  disease  agents  In  bi'jlogical 
warfare,  Furthemorr,  there  li  no  recogniiod  isaauni lat ion  against  aither 
gla.nJors  or  melioidosis. 

(C)  .tctinobaclllus  mallei  is  character i led  by  (a)  ease  of  production 
and  quantitation,  (b)  h’gh  infectivity,  and  (ct  a  high  fatality  rate  in 
e’T"  riaental  animals.  The  two  shortcomings  of  this  bacteri  aa  from  it  s 
h i"'.ogical  Harfars  standpc'.mt  are  a  gradual  or  abrupt  loss  of  vimlonce 
and  poor  stability  of  stored  suspensions.  Basic  research  on  ths  ^snetic 
aspects  of  virulence  seema  warranted  because  of  its  history  of  high  irfec- 
tivity  among  laboratory  personnel. 

(C)  The  data  reported  on  Pseudomonas  pseuiloaallei  suggest  that  it  hftc 
suitable  properties  as  a  BK  agenTT  The  organ;  s«  can  bj  grown  and  tha  con¬ 
centration  can  be  determined  in  a  lew  days  witiout  complex  facilities  or 
media.  Storage  and  aerosol  stabilities  conpn- ,  favorably  with  those  of 
most  vegetative  bacteria.  Liquid  suspensions  of  most  of  tho  strains 
studied  maintained  vimlonce  in  tests  with  the  livaster  and  guinea  pig. 
Additional  research  would  be  necessary  to  develop  i.mformaitioa  va  two 
i-mnortant  questions;  (a)  How  susceptible  is  the  average  person  to  i.nfec- 
tion  with  H.  pseudomallai’  (b)  Kha't  is  tho  relationship,  if  any,  between 
vimlence  Tor  susceptible  laboratoo'  rodents  and  for  man’ 
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